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PREFACE. 


‘Tuts book is designed to be used quite as much in the 1s- 
boratory or with specimens in hand, as in the class-room. If 
Zoology is to be studied asa mental discipline, or even if the 
student desires simply to get at a genuine knowledge, at first 
hand, of the structure of the leading types of animal life, 
he must examine living animals, watch their movements and 
habits, and finally dissect them, as well as study their mode 
of growth before and after leaving the egg or the parent, as 
the case may be. But the young student im a few weeks’ 
study in the laboratory cannot learn all the principles of the 
science. Hence, he needs a teacher, a guide, or at least a 
manual of instraction. This work is an expansion of a 
course of lectures for college students, but has been pre- 
pared to suit the wants of the general reader who would ob- 
tain some idea of the principles of the science as generally 
accepted by advanced zoologists, in order that he may under- 
stand the philosophical discussions and writings relating to 
modern doctrines of biology, especially the law of 
and the relations between animals and theif surroundin, 

The book has been prepared, so far as possible, on the 
ductive method. The student is presented first wi 
facts; is led to a thorough study of a few typical 
taught to compare these with others, and finally le 
principles or inductions growing out of the facts. 
not been assailed with a number of definitions or diagnoses 
applicable to the entire group to which the type may belong 
before he has learned something about the animals typical 
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PREFACE, v 


the author has submitted the manuscript of certain chapters 
to naturalists distinguished by their special knowledge of 
certain groups. ‘The manuscript of the sponges has been 

read by Professor A. Hyatt ; of the worms and Mollusca, by 

Dr. Charles S. Minot; of the Echinoderms, by Mr. Walter 
Faxon; of the Crustacea, by Mr. J. 8. Kingsley. Proofs of the 
part relating to the fishes have been revised by Professor T. 

Gill, whose classification as given in his “Arrangement of 
the Families of Fishes,” has been closely followed, his defin- 
itions having been adopted often word for word. The man- 
nscript of the Batrachians and Reptiles has been read by 
Professor E. D. Cope, whose classification, given in his 
* Check-List of North American Batrachia and Reptilia,” 
has been adopted. Proofs of the part on birds have been 
read by Dr. Elliott Cones, U.S.A., whose admirable “ Key 
to the Birds of North America” has been freely used, the 
author's words having been often adopted withont quotation- 
marks. Dr. Cones has also revised the proofs of the pages re- 
ferring to the Mammals. ‘Yo the friendly aid of all these 
gentlemen the author is deeply indebted. 

As to the illustrations, which have been liberally provided 
by the publishers, a fair proportion are original. ‘The full- 
page engravings of the anatomy of the typical Vertebrates 
have been drawn expressly for this work by Dr. C.S. Minot ; 
a number have been prepared by Mr. J. S. Kingsley ; Prof. 
W. K. Brooks has kindly contributed the drawing of the 
nervous system and otocyst of the clam, and a few of fh: 
sketches are by the author. 

The publishers are indebted to Prof. F. V. cade 
for illustrations kindly loaned from the Reports of the U.S. 
Geological Survey of the Territories; a fow hay 
loaned by Prof. 8, F. Baird, U.S. Commissioner of 
Fisheries, and the members of the U.S. Entomological Com- 
mission ; a number have been loaned by the Peabody Acad- 
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ZOOLOGY. 


INTRODUCTION. 


Definition of Zoology.—That science which treats of liv- 
ing beings is called Biology (Bios, life; Adyos, discourse). 
It is divided into Bofany, which relates to plants, and Zo- 
ology (@or, animal ; Adyos, discourse), the science treating 

animals. 


of 
Tt is difficult to define what an animal is as distinguished 
from,a plant, when we consider the simplest forms of either 
kingdom, for it is impossible to draw hard and fast lines in 
nature. In defining the limits between the animal and 
vegetable kingdoms, our ordinary conception of what a 
plant or an animal is will be of little use in dealing with 
the lowest forms of either kingdom. A horse, fish, or 
worm differs from an elm tree, a lily, or a fern in having 
organs of sight, of hearing, of smell, of locomotion, and 
special organs of digestion, cirenlation, and respiration, but 
these plants also take in and absorb food, havea circulation 
of sap, respire through their leaves, and some plants are me- 
chanically sensitive, while others are endowed with motion 
—certain low plants such as diatoms, etc., having this 
power. In plants, the assimilation of food goes on all over 
the organism, the transfer of the sap is not confined to any 
one portion or setof organs as such. It is always easy to 
distinguish one of the higher plants from one of the higher 
animals, Bat when we descend to animals like the sea-ane- 
‘mones and coral-polyps which were called Zoophytes from 
resemblance to flowers, so striking is the exter- 
nal similarity between the two kinds of organisms that the 
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early observers regarded them ag ‘‘ animal flowers ;”” and in 
consequence of the confused notions originally held in regard 
to them the term Zoophytes has been perpetuated in works 
on systematic zoology. Even at the present day the com- 
pound Hydroids, such as the Sertularia, are gathered and 
pressed a3 sca-mosses by many persons who are unobservant 
of their peculiarities, and unaware of the complicated anat- 
omy of the little animals filling the different leaf-like cells, 
Sponges until a very late day were regarded by our leading 
zoologists as plants. The most accomplished naturalists, 
however, find it impossible to separate by any definite lines 
the lowest animals and plants. So-called plants, as Bacte- 
rin, and so-called animals, as Protame@ba, or certain mo- 
nads, which are simple specks of protoplasm, without gen- 
nine organs, may be referred to either kingdom ; and, in- 
deed, a number of naturalists, notably Haeckel, relegate 
to a neutral kingdom (the Protista) certain low- 
est plants and animals. Even the germs (zo- 
ospores) of monada like Uvella (Fig. 1), and those 
of other flagellate infusoria, may be mistaken 
for the spores of plants ; indeed, the active fla~ 
ei. SCllated spores of plants were described ag in- 
teins fusoria by Ehrenberg ; and there are certain 50+ 
mooad. with called flagellate infusoria so much like low 
ir ity plants (such as the red snow, or Protococeus), 
GAshy! tug: in the form, deportment, mode of reproduc- 
tion, and appearance of the spores, that even 
now it is possible that certain organisms placed among them 
are plants. It is only by a study of the connecting links 
between these lowest organisms leading up to what are un- 
doubted animals or plants that we are enabled to refer these 
beings to their proper kingdom. 

Asa rule, plants have no special organs of digestion or 
circulation, and nothing approaching to a nervous system. 
Most plants absorb inorganic food, such as carbonic acid 
gus, water, nitrate of ammonia, and some phosphates, silica, 
ote. ; all of these substances being taken up in minute quan- 
tities, Tow fungi live on dead animal matter, and promote 
the process of putrefaction and decay, but the food of these 
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es is inorganic particles. ‘The slime-monlds called 
, however, envelop the plant or low animals, 
Pa Ameba throws itself around some living plant 
and absorbs its protoplasm ; but Myzomycetes, in their man- 
ner of taking food, are an exception to other moulds. ‘The 
lowest animals swallow other living animals whole or in 
pieces ; certain forms like Amada (Fig. 2) bore into minute 
algw and absorb their pro- 
toplasm ; others engulf ae 
sessing Gane pstopions 
No animal swallows silica, 
ase ammonia, or any of 
the phosphates as food. On 
the other hand, plants manu- 2; sence, Tet 
facture or produce from in- Fett, sail the tne omnes pares ae 
organic matter starch, sugar = 
and nitrogenous substances which constitnte the food of 
animals. During assimilation, plants absorb carbonic acid, 
and in sunlight exhale oxygen; during growth and work 
they, like animals, consume oxygen and exhale carbonic acid, 
Animals move and have special organs of locomotion ; 
fow plants move, though some climb, and minute forms 
have thread-like processes or vibratile lashes (cilia) resem- 
bling the flagella of monads, and flowers open and shut, but 
these motions of the higher plants are purely mechanical, 
and not performed by special organs controlled by nerves. 
‘The mode of reproduction of plants and animals, however, 
is fundamentally identical, and in this respect the two king- 
doms tite more closely than in any other. Plants also, 
like animals, are formed of cells, the latter in the higher 
forms combined into tissues. 
As the lowest plants and animals are scarcely distinguish- 
able, it is probable that plants and animals first appeared 
3 and while plants are generally said 
to form the basis of animal life, this is only partially true; 
a large number of fungi are dependent on decaying animal 
matter; and mostof the Protozoa live on animal food, as 
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do a large proportion of the higher animals. The two 
kingdoms supplement each other, are mutually dependent, 
and probably appeared simultaneously in the beginning of 
things. It should be observed, however, that the animal 
kingdom overtops the vegetable kingdom, culminating in 
man. 

In speaking as we have of low animals and high animals, 
we are comparing very unequal quantities; the distance be- 
tween monad and man is well-nigh infinite. But there is a 
sorics or chain, sometimes broken and often with lost links, 
connecting the extremes ; and as there are wide difforences 
in form, so there are great extremes in the organs and de- 
gree of complication of function of the simple as compared 
with the more complex forms, The improvised stomach of 
an Amaia is not comparable with the stomach of an hydra, 
nor is the stomach of the latter creature with that of a 
horse ; there is a gradual perfection and elaboration or spe- 
cialization of the stomach as we ascend in the animal series. 
So it is with organs of locomotion ; the pseudopods and cilia 
of the Protozoans are replaced in the star-fishes and worms 
by hollow tentacles or various fleshy soft appendages; in 
orabs and insects by stiff, jointed limbs, with different ley- 
rage systems; and these are replaced in vertebrates by 
genuine limbs supported by bones. A comparative view of 
the origin and structure of organs succeeds in this book the 
systematic account of the animals themselves. 

We thus see that the organs of the higher animals are 
merely modifications of organs often having the samo 
general functions as in the lower animals; the lower or 
simplor have proceded in geological history the higher or 
more specialized forms, and thus we are, in ascending the 
animal series, going from the simple to the complex, For 
this reason the plan of this work has been to lead the stu- 
dent from the simpler forms of animal life to the more 
complex ; and though the vertebrate animals, such as fishes 
and dogs, are more familiar and interesting to us, the seri- 
ous student of zoology will feel that it is more logical and 
better iz the end to study the animal world in the order in 
which the different forms have appeared—as we believe, 
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through the orderly operations of ical and biological 
laws, under the Teddaen cat an ene Teh enee oa 


Zoology is subdivided thus : 
Morphology or gross Anatomy, and minute 


logy. 
ic Zootogy or Classification. 
Palwontology. 
Zoogeography. 

—In order to properly understand Zoology, 
one should first study Morphology—i.e., the general struc- 
ture of animals, The student should first thoroughly ac- 
quaint himself with the anatomy of a vertebrate animal, 
such as a frog, as compared with that of a toad or salaman- 
der. The examination and comparison of the organs of 
animals belonging to distinct groups, is called Comparative 
Anatomy. The study of Morphology also includes the rela- 
tion of the different organs to one another, and of all to the 
walls of the body. Finally, we need also to study the com- 
position of the tissues of the different organs ; each kind of 
tisene being formed of different kinds of elements or cells. 
‘This department of Comparative Anatomy is called Histol- 
ogy (Greek, iords, web or tissue; Adyos, discourse). It 
treats of the cell, and the combination of cells into germ- 
layers, tissues, and organs. 

‘The Coll.—The primary elements of the bodies of animals 
are called cells, They are microscopic portions of proto- 
either with or without a wall. Protoplasm largely 
consists of protein, which is » complex compound of car- 
bon, hydrogen, oxygen, and nitrogen, associated with a large 
proportion of water, Cells are originally more or less 
sacs, and the protoplasm forming the coll-mass is 

the dynamic part of the cell. The protoplasm of animal as 
well as vegetable cells, the protoplasm of eggs and of the 
cells forming the different tissucs of the animal body, as 
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woll as the entire Amaba or monad, is all alike, being per- 
fectly homogeneous to the chemist or microscopist of our 
day. Yet potentially the protoplasm of different cells exerts 
widely different forces and capabilities. An egg-cell be- 
comes a man, whose brain-cells are the mediam of the intel- 
lectual power which enables him to write the history of 
his own species, and to be the historian of the forms of life 
which stand below him. The cell is the morphological 
unit of the organic world. With cells the biologist can 
in the imagination reconstruct the vegetable and animal 
worlds, 

The primitive form of a cell, when without a nucleus or 
nucleolus, is called a eyfode ; genuine cells have a nucleus, 
the latter containinga nucleolus. Animals composed of but a 
single cell, such as the Amada or an Infusorian, are said to be 
unicellular. Cells grow by absorbing cell-food—i.e., by the 
assimilation of matter from without, and this matter may be 
in masses of considerable size when seen under the microscope. 
Cells multiply by self-division, The egg-cell undergoes 

division of the yolk into two, four, 
eight, and afterward many cells; the 
cells thus formed become arranged into 


layer arises between them, called the 

of Sapte mesoderm or middle germ-layer. From 

far tyes foraed of aa: these germ-layers, or cell-layers, the 
stented colle, tissues of the body are formed, such as 
muscle, bone, nerye, and glandular tissue, These tissues 
form organs, hence animals (us well as plants) are called or- 
ganisms, because they have certain parts formed of a partic- 
ular kind of tissue set apart for the performance of a special 
sort of work or physiological labor. This separation of 
parts for particular or special functions is called differentia- 
tion; and the highest animals are those whose bodies are 
most differentiated, while the lowest are those whose bodies 
are least differentiated ; hence high animals are specialized, 
and, on the other hand, ow animals are simple, Thus dif- 





CELLS AND TISSUES. v 
pea on of organs involves the division of physiological 


pao Tel acy different kinds of tissues there is, first, 
epithelial tissue (Fig. 4) consisting of cells with a nucleus and 
nucleolus, and placed side by side, forming a layer. All the 
organs develop originally from epithelium, which is the prim- 
itive cell-structure and forms the tissues of the germ-layers, 

ithelial cells form the ekin of animals, and also the lining 
of the digestive canal. The cells of the latter may, as in 
sponges, bear a general resemblance to a flagellate infuso- 


np te cog Mand al @ columnar epithelia After 


rian, as Codosiga, or they may each bear many hairs, called 
oe, which by their constant motion maintain currents of 
the fluids passing over the surface of the epithelium. The 
tissue forming glands is simply modified epithelium. 
Connective fi tissue is formed by isolated rounded or elon- 
gated cells with wide spaces between them filled with a ge- 
latinous fluid or protoplasm, and occurs between muscles, 
‘ete. This tissue forms in the vertebrates the * notochord’ 
ia, a rod supporting tho bodies of vertebrate embryos. 
Gelatinous tissue is a variety of connective tissue found in 
the umbrella of jelly-fishes (Aurelia, oto.). Fibrous and 
elastic tissue are also varieties of connective tissue. 
m tissue is characterized by cells situated in a 
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still firmer intercellular substance ; and when the intercel- 
lular stthstance becomes combined with salts of lime form- 
ing bone, we have bony tissue. 

The blood-corpuscles originate from the mesoderm ag 
independent cells floating in the circulating fluid, the blood- 
cells being formed contemporancously with the walls of the 
vessels enclosing the blood. In the invertebrates the blood- 
cells are cither strikingly like the Amada in appearance, or 

are oval, but still capable of 

| | lj | | changing their form. Thus blood- 
corpuscles arise like other tissues, 

ot eo Niiaied movcnler Avrillsexcept that the blood-cells are 

Muscular tissue is also composed of cells, which are at 
first nucleated and afterward lose their nuclei. From being 
at first oval, the cells finally become elongated and more or 
less spindle-shaped, forming fibres ; these unite into bundles 
forming muscles. Each fibre is ensheathed in a membrane 
called sarcolemma. Muscular fibres may be simple or striated 
(Fig. 5). The contractility of muscles is due ay the con- 
tractility of the protoplasm 
originating in the cells forming 
the fibres. 

Nervous tissue is made up 
of norve-cells and fibres pro- 
ceeding from them; the for- 
mer constituting the centres 
of nervous force, and usually 
massed together, forming a 
ganglion or nerve-centre from 
which nerve-fibres pass to the Pig 6 ention tn th with, 
periphery and extremities of M™  % *) Proceeding from 
the body, and serve as conductors of nerve-force (Fig. a 

Organs and their Functions.—Having considered 
different kinds of cells and the tissues they form, pets 
now consider the origin of organs and their functions. Tho 
Protumaba may be considered as an orgunless being. In 
Amaba (Fig. 11) we first meet with a specialized portion ¢ 


 hody, set apart for the performance of a special fa 
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Such is the nuclens ; so that Amoyba is a genuine organism. 
oe eee Tnfusoria (Fig. 1), we have the 

, permanent organs of locomo- 
tion. Tn the Hydra (Fig. 86) the tentacles are organs 
whose functions are generalized. In the worms we have or- 
ganz arranged in pairs on each side of the body, and in gen- 
eral among the higher invertebrates, especially the crusta- 
ceans and insects, and markedly in the vertebrates, we have 
the bilateral symmetry of the body still farther emphasized 
in the nature and distribution of the appendages, 

Of the internal organs of the body, the most important is 
the digestive cavity, which is at first simple and primitive in 
the gastrule or embryo of all many-celled animals, and as we 
ascend in the animal series we witness its gradual special- 
ization, the digestive tract being differentiated into dis- 
tinct portions (i.¢., the esophagus, stomach, and intestine), 
each with separate functions and with organs of respiration, 
digestion, secretion, and exeretion set apart as offshoots or 

from the main alimentary tract. In like man- 
ner the skeleton is at first simple and afterward is extended 
into the different organs, the various parts of the ap- 

skeleton corresponding to the increased flexi- 
bility and diversified leverage power ; so that limbs become 
subdivided into joints, and these joints still further subdi- 
vided as we go from the points of attachment to the peri- 
phery or extremities, as seen in the tendency to an irrelative 
Tepetition of joints in the limbs and feelers of crustaceans 
and insects, and the digits of the lower vertebrates. 

Correlation of Organs.—(Cuvier established this princi- 
ple, showing that there is a close relation between the forms 
of the hard and soft parts of the body, together with the 
{unetions they perform, and the habits of the animal. For 
example, in a cat, sharp teeth for eating flesh, sharp curved 
claws for seizing smaller animals, and great muscular activ- 
ity coexist with a stomach fitted for the digestion of animal 
rather than vegetable food. So in the ox, broad grinding 
teoth for triturating grass, cloven hoofs that give a broad 

support in soft ground, and  several-chambered stomach 
pene nla the habits and instincts of a ruminant. Thus 
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the form of the teeth presupposes either a ruminant or carni- 
yore. Hence this prime law of comparative anatomy led to 
the catablishment by Cuvier of the fundamental laws of 
paleontology, by which the comparative anatomist is en- 
abled to restore from isolated teeth or bones the probable 
form of the original possessor. Of course the more perfect 
the series of bones and teeth, or the more complete the re- 
mains of insects or molluaks, the more perfect will be our 
knowledge, and the less room will there be for error in re- 
storing extinct animals. 

Adaptation.—An orgun with a certain normal use or 
function may be adapted, in consequence of a change in the 
habits of the animal, to another use than the original one. 
To take an extreme case, the Anabdas, or climbing fish, may 
use its fins to aid it in ascending trees. On the other hand, 
by disuse organs become aborted or rudimentary, The 
teeth of the whalebone whale are rudimentary in the young, 
and are replaced by whalebone, which is more useful to the 
animal ; the eyes of the blind-fish are rudimentary, fune- 
tionless. ‘Those of certain cave-insects are entirely wanting, 
being lost through disuse, owing to a change of life from 
the light, outer world to totally dark caverns, and the con- 
sequent disuse of their eyes. Nature is economical. Every 
thing that is not of use as a rule disappears. It would bea 
waste of material to nourish and care for an organ in a cave- 
animal, or a parasitic insect or crustacean, which would be 
of no uze to the animal. On the other hand, if the leg or 
tail of a newt is snipped off by some rapacious fish, it 
grows out again. 

Morvover, the animal organism is far more pliable than is 
generally supposed, Not only is nature continnally repair- 
ing wounds and waste, not only is the body being contin- 
ually made over again, but certain animals undergo a 
change of form, either generally or in particular parts. If 
the environment is unchanged, the animal remains true to 
its species. The dogma of the invariability or stability of 
species is a fallacy, Change the climate, moisture or dryness, 
the nature of the soil ; introduce the natural enemies of the 
animal or romove them ; destroy the balance of nature, in 
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other words, and the organism changes. The plants and 
animals of the mummies and monuments of Egypt are prob- 
ably the same as those now living in that country, becawse 
the climate and soil have remained the same, 

‘The assemblages of life that have successively peopled the 
surface of the earth, and which are geological time-marks, 
have probably become extinct because they could not adapt 
themselyes to more or less rapid oscillations of continents 
and islands, to consequent changes of climate and the in- 
coming of destructive types of life. This probably accounts 
for the origin, culmination, and extinction of different 
types of life. The earth has been, and still is, in a state of 
unstable equilibrium. Organic life has beer! and is even 
now, in a degree, being constantly readjusted in harmony 
with these changes of the earth's surface and climate. Thus 
this adaptation of organs to their uses, of animals to their 
environment, the laws controlling the origination of new 
forms of life and the extinction of those which have acted 
their part and are no longer of service in the economy of 
nature, is part of the general course of nature, and evinces 
the Infinite Wisdom and Intelligence pervading and contin- 
ually operating in the universe.* 

Coupled with wariability is the law of inheritance and 
transmission of variable parts, and the habits thus induced 
by the variation of parts. It should be observed that the 
portions which vary most are the peripheral parts—i.¢,, 
fingers and toes, tentacles and antennm, the skin and scales 
and hair; it is by modifications and differences brought 
about in those parts most used by animals that the multi- 
tudes of specific forms have resulted. There is, as Darwin 
states, a general tendency of organismz to vary ; the laws 


though 
laid the way for the discovery and application of the funda- 


* That animals and plants arc self-ovolved, that the world has made 
itself, and that all is the result of so-called physical and biological laws 
operating from within outward, is as inconceivable as the mediwval 

that animals and plants and the earth they inhabit were mado 
the twinkling of an eye. See the concluding chapter on Evolution, 
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mental laws of evolution. On the other hand, pure Dar- 
winism—viz., natural selection—accounts rather for the 
preservation than the origination of the forms of life. 


Analogy and Homology.—When we study the Inverte- 
brates alone we soe that it is often easy to trace a general 
identity in form between the more important parts. We 
notice that the under lip of a worm is comparable to the foot 
of a mollusk, though the functions of these parts may be 
quite unlike; these aro therefore examples of a general 
identity in structure or homology between two organs, A 
closer homology implies a more apparent identity of form, 
as seen in the resemblance in structure of the fore-limbs of 
a whale and « seal, or the pectoral fins of fishes and the fore- 
arms of man. 

Analogy implies a dissimilarity of structure of two organs 
with identity in use, as the wing of an insect and of a bird ; 
the leg of an insect and the leg of a frog; the gill of a 
worm and the gill of a fish. 

Homology implies blood-relationship ; analogy repudiates 
any common origin of the organs, however physiologically 
alike. The most general homologies are those existing?in 
organs belonging to animals of different branches ; the most 
special between those of the same orders and minor groups, 
‘Thus it is fundamentally a question of near or remote con- 
sanguinity. 

Physiology treats of tho mode in which organs do their 
work ; or, in other words, of the functions of different or- 
gans, Thus the hand grasps, the fins of a fish are its swim~ 
ming organs ; the function of the nose is to smell, of the 
liver to secrete bile, of the ovary to secrete protoplasm 
which forms eggs, 

Psychology is tho study of the instincts and reasoning 
powers of animals; how they act when certain parts are 
irritated ; so that while this term is generally applied to 
man alone, Comparative Psychology deals both with the 
simplest automatic acts and the whole series of psychio pro- 
cesses—from those exercisod by the Protozoans, such as 
Amebe, up to the complicated instinctive and rational acts 
of man. 
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This mode of growth is galled sel/-division or fission. 
Where one cell separates from another, the separating part 
being smaller than the original cell, or where a number of 
cells separate or bud out from a many-celled animal, such as 
a Hydra, the process is called gemmation. A third mode of 
reproduction is sexual, the sperm-cell of the male coalescing 
with the nucleus of the egg ; the commingling of the pro- 
toplasm of the two nuclei resulting in « series of events 
leading to the formation of a germ or embryo. 

Embryology is, strictly speaking, a study of the develop- 
ment of animals from the beginning of life of the egg up to 
the time the animal leaves the egg or the body of the parent 
—namely, up to the time when it begins to shift for itself ; 
but the term embryology may alao be applied to the grow- 
ing animal from the egg to the adult condition. Many of 
the lower animals undergo a metamorphosis, suddenly as- 
mening Sone in form, accompanied by changes in habits 

3 80 that at different times it is, so to 
oa 4 different animal. For example, the caterpillar 
lives on solid food, crawls on the ground, and has a worm- 
like form ; it changes to a chrysalis or pupa, lying quies- 

cent, no food ; then it changes to a butterfly and 
flies in the air, either taking no food or sipping the nectar 
of flowers : in all these three stages it is virtually different 
animals with different surroundings. Many animals besides 
insects have a metamorphosis, and their young are called 
lary ; thus there are larval polyps, larval star-fish, larval 
-worms—theeo laryw often differing remarkably in fo’ 
habits, and in their environment or surroundings, as com- 
pared with the mature or adult forms. 

Classification —After thoroughly studying « single ani- 
mal, its external form, how it acts when alive, its external 
and internal anatomy after death, and the development of 
other individuals of its own species, the student is then ready 

to study the classification of animals. 

‘The best method of studying classification, or Systematic 
Zoology, is to make an exhaustive examination of one an- 





ieal, aol Gew @ ody ae thie ame thorough manner an 
ied feo, andl finally, o compare thetwo, For example, 
take a fee and een it with » tond, and then with o 
newt, or 3 lead ediememsite ; cima: liy s study of the different 
types of Batencihiere me amy arrive at a knowledge of the 
afGnitics of the Gieens periowof! tie clues. The methods 
of remarch are, Gem, deerratiom und comparison. The 
best and most philosupiiir clierrors are thoee who compare 
mot. Then, paming ar to atiier umimals, the student will 
place in one group smimulieiiut are alike. He will find that 
Many agreo in certaim gemurnil ciurseters common te all, 
Ho will thus form them ete climes, and those that agree in 
loss goneral characters into omiers, and eo on until those 
agrooing in atill lees important charaeteristics may be placed 
in ontegorion or groups termed families, gunera and species, 
variotion and races, For example, the cat belongs to tho 
following groupe 
Kingdom of Animals ; 
Sub-kingdom, or branch, Vertebrates ; 
Class, Mammalia ; 
Order, Carnivora ; 
Family, Felide ; 
Genus, Felis ; 
Species, Felis domesticus Linnzus ; 
Variety, Angorensis, 
Hit those different groups aro insufficient to represent the 
Alniowt endow relationships and series called the System of 
Nature, which our classifications attempt to represent. 
Hongo wo have «ub-apecios, sub-genera, subfamilies and 
suporfamillos, wob-orders and super-orders, and sub-classes 
aod supor-classes, and the different assemblages may be 
wronped into series of ordors, families, ete. 

‘Tho relations of the members of these different groups 
may bo roprosonted in tho same manner as the genealogi- 
eal troo of the historian, or like a treo, with its teank 
ond branches and twigs; or on a plano by a cross-section 
through the troe, the different groups or ends of the 
bi resembling « constellation, and ombodying one’s 
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idea of the complicated relations between animals of differ- 
ent groups. 

The Animal Kingdom may be divided primarily into 
two series of branches ; those for the most part composed 
of a single cell, represented by a single branch, the Proto- 
zoa, and those whose bodies are composed of many cells 
(Metazoa), the cells arranged in three fundamental cell- 
layers—viz., the ectoderm, mesoderm, and endoderm. The 
series of Metazoa comprises the seven higher branches—i.e., 
the Porifera, Calenterata, Echinodermata, Vermes, Mol- 
lusca, Arthropoda, and Vertebrata. Their approximate 
relationships may be provisionally expressed by the follow- 
ing 


‘TasvuLak VIEW OF THE Egat BRANCHES OF THE ANIMAL KINGDOM. 


VIII. Vertebrata, 
Fishes to Man. 


VIL Arth: 1. 
Crustaceans and Insects, 


VI. Mollusca, 
Clams, Snails, Cuttlce. 


| ‘V. Vermes, 
Fiat and Round Worms, Pol; 
| Brachiopods, ann lids, fuinleates. 


IV. Hehinodermata. 
Crinoids, Starfish, etc, 


III. Coelenterata. 
Hydra, aalaakee: 


IL. Porifera. 
Spon 





—— 


MErTAzoa. 
‘Many-celled animals, with 3 cell-layers, 
I. Protozoa. 
‘Single-celled animals, 


It should be understood by the student that the classifi- 
cation presented in this book is a provisional one, based on 
our present knowledge of the structure of the leading types 
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of the animal kingdom, and may be regarded as (radely in- 

the blood-relationship or pedigree of animale. It 
differs in some important respects from tho classifications 
given in the hooks ordinarily in use by American students. 
It isa question whether the Twnicata should not form a 
ninth branch, and stand next below the Vertebrates, 

Some anthors retain the foar types of Cavier, but it 
shoald be remembered that since Cavier’s classification was 
proposed in 1812 our knowledge has been greatly extended. 
‘The microscope has revealed an immense mass of new mi- 
¢roscopic forms, and many facts regarding the stractare and 
development of the larger forms. The embranchinents of 
Cuvier are in all cases, except the Vertebrates, unwieldy, het- 
erogencons, and, in the light of our present knowledge, un- 
natural assemblages of animals. New discoveries do away 
with old systems, and the classifications adopted by differ- 
ént authors represent the standpoint from which they re- 
gard the system of natare. It is not of so much consequence 
to the student to know what the system may be, as to learn 
the leading facts of animal morphology and development. 

Palwontology.—With a thorough knowledge of the anat- 
omy of animals and their classification, the student is pre- 
pared to study the remains of extinct animals, to restore 30 
far as possible their forms, and to classify them, With a 
knowledge of the hard parts of existing animals, and of the 
interaction of the tendons, ligaments, muscles, and bones, 
the paleontologist can, in accordance with the law of cor- 
relation of parts, refer fossils to their respective orders, 
families, genera, or species. 

Zoogeography, or geographical distribution, is the study 
of the laws of distribution of animals over the surface of 
the earth or over the bottom of the sea, ‘The assemblage 
of animals inhabiting any area is called a fawne. Thos we 
have an arctic fauna, a tropical fanna, a North American 
fanna, or Australian fauna. ‘The fauna of the ocean is sub- 
divided into different subordinate fauns. 





CHAPTER I. 


BRANCH L—PROTOZOA. 


General Characters of Protozoans.—We can imagine no 
more elementary forms of life than certain members of this 
branch, whose bodies in the simplest forms are merely 
inasees of albumen, without any distinct permanent organs, 
or portions set apart for the performance of any special 
function. Yet the primary acts of animal life, such as tak- 
ing food, its digestion and assimilation, and reproduction, 
are carried on as effectively by these lowest as by the high- 
est forms. The simplest Protozoans are like minute drops 
of protoplasm or albumen, having a gliding motion, and 
constantly changing their forms, throwing out temporarily 
root-like projections called 
pseudopodia, which serve to 
gather food-purticles. Fig. 

7 illustrates « typical Proto. 

zoan. Jt is the common 

Ameba of standing water. 

Most Protozoans are provid- 

Baty a eae eee Wie. 7, Awaba, tho wneleas not shown, 
to the reproductive organs of the many-celled animals. 
The Protozoa are one-celled in distinction from all other 
animals, from the sponges to man, which are many-celled, 
though it isolaimed that.a few shelled forms (Rhizopods) are 
composed of several indistinct cells. Thus a Protozoan cor- 
responds to an egg or to any one of the cells composing the 
bodies of higher animals. They may be naked, asin Proto- 
maba or Amaia, or may secrete a silicious or caleareous 
shell. The Infusoria, forming the highost class, are quite 
complicated, with permanent cilia, » mouth, throat, repro 
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ductive nucleus, and several contractile vesicles, rudely an- 
ticipating the heart of higher animals. Protozoans repro- 
duce by self-division and the formation of motile germs 
(zoospores), and in the Infusoria of ciliated young. There 
ia thus a great range of forma leading from the most primi- 
tive type (Protamaba) to the most specialized forms, such 
as the bell animalcule ( Vorticella.) 


Oxass I.—Mowena (Moners). 


General Characters of Moners.—This group comprises 
the simplest forms of Protozoans, whence the name Monera 
(uov7jpes, simple). The lowest forms are almost identical 
in appearance with the lowest plants, and they can only 


TeiA— Frsteomar amel, evenity manited. 4. when Tare x, or 20- 


= 

, fend ee, 2 eam rood from the parcot-cyyt. D, older germs. . 

Eafe var eeu ao Sepa 
os 


be claimed to be animals from their resemblance to higher 
forms loading to Amada, which, in turn, is connected by a 
series of forms leading to undoubted animals, sach as the 
shelled Rhizopods (Fig. 14). 

The Monera differ from the Rhizopods (Amada, ete.) in 
wanting a nuclens and contractile vesicles. Their body- 
substance is homogeneous throughout, not divided into a 
tenacions outer and softer inner mass, us in Amada, They 
more by the contraction of the body the irregular pro- 
trusion of portions of the body forming either simple pro- 
ecasca (peeudopodia) or a network of gelatinous threads. 
The food, as some diatom, desmid, or protozoan, is swallowed 
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appear, and that from forms resembling them all other organ- 
isms have originated. We can conceive at least of no simpler 
ancestral form; and if organized beings were originally pro- 
duced from the chemical elements which form protoplasm, 
one would be naturally led to suppose that the earliest form 
was like Profameda, It would follow from this fact that the 
Monera are as low as any plants, and that animals appeared 
contemporanconsly with plants, 

Having studied a few typical forms of Monera, we are 
prepared to briefly define the group und tabulate the snb- 
divisions of the class. 


Crass L—MONERA THancxnt. 

Beings consisting of transparent protoplaem, containing granules, some 
finses forming a net-stork, but with no nuclens* or contractile etewele ; 
coprtie of automatically throwing out preudopodia, and reproducing by 
vimple self-division of the doiy-mass into two indiciduals, or by tieieion 
into a number of germ-like or sporetike young, which increase tu pice by 
alorption of the pretoplasm of other ongamizns, 

Group 1, Oymnomonera, comprising the genern Protamatm, Protogenes, 
and Myxodictyum, which do not become 

Group 2. Lepomonera, which become encysted and protected | 
case, as in the genera Protomonas, Protomyxa, Vi 
relia, and Myxastram. 


Crass I.—Rurzoropa (Moot Animaloules), 


General Characters of Rhizopods.—An idea of the fe 
and internal structure of this group can be obtained } 
study of Ameba, which may be found sliding over the sur 
face of the leaves of plants growing in pools or ponds of 
fresh water. Our common Amada has been studied by 
H, J, Clark. Fig. 10 represents this animal in the three 
more usual forms which it assumes. From time to time 
the sides of its body project either in the form of simple 
bulgings, or suddenly it throws out foot-like projections 


* Shoold a nucleus be found bereafter to occur in the Moners, the 
group should be merged into the Rivopata, and placed next to 
Amada. 
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its body. The Amoba reproduces its kind by simple di- 
vision, as seen in Amaia spharococens Haeckel (Fig. 11). 
This species, unlike others, so far as known, becomes encysted 
(8), then breaks the cell-wall and becomes free as at A. 
Self-division thon begins as at C, the nucleus doubling it- 
wolf, until at Da and Dé we have as the result two individ- 
nals. 

Order 1. Foraminifera.—Besides Amada, several other 
forms, either naked or shelled, produce, by division of an in- 
ner portion of the body, numbers of ciliated young, as in 
the naked Pelomyxa, in certain many-chambered Fora- 

minifera, and in Collospha 

ra, An example may be 

seen in the Enropean Pelo- 

myxa palustris Greef (Fig, 

12), This creature lives in 

the mud at the bottom of 

fresh-water pools, and when 

first seen resembles little 

dark balls of mud a milli- 

metre in diameter. Instead 

of one nuclous, there are 

numbers of them, and nu- 

Ploy patti. 6 er merous contractile vacuoles 

KAttoms enckeed Inine Glled with a fluid, together 

awn theo with spicules, The young 

nucluss are at first amaba-like (8), 

originating as ‘shining 

which have resulted from the self-division of the 

‘These amaba-like bodies finally assume an activo, 

monad-like stage @, and move about by means of # cilinm 
or lash, 

We now come to tho shelled Amba, or genuine Forami- 
nifera, A common type is Arcella, which secrotes a one- 
chambered silioions shell, found in fresh water, and @ 
representative of the monothalamous, or one-chambered, 
Foraminifera; while the many-chambered forms are 
marine, of which Globigerina bulloides (Fig. 18), found 
Nlouting on the surface of the ocean, with its pseudopodin 
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thrown out in all directions, is a type ; Rotelia eneta (Fig. 
14) is another examplo, 

The Foraminifera arc nucleated. Diplophrys multiplies 
by a * process of con- 


shells, with one turn, 

but no inner walls, 

and with pseudopo- 

dia like those of the 

adult. Microyromia so- 

cialis multiplies by zo- 

ospores, which are oval, 

with two flagella; or, 

in other cases, the 

young assume an actinophrys-like form, and move about by 

the aid of three or four more or less branched pointed psendo- 
i : pods (iertwig). 

( 


Wh, Tn some forms, 


pie Nummulites, the 
YP wambers are 
numerous and 
regular, the 
shells being flat 
and consisting 
of eight coils sit 
uated in the 
same plane. A 
recent species of 
Foraminifer 
found at Borneo 
measures more 
than two inches 
in diameter, while a common form on the Florida reefs, de- 
youred in large quantities by the Holo¢hwria, or sea-cucum- 


Fig. 4 —Rotalia. A Rhizopod, showin the prendopodls 
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ber, measures about one fifth of an inch in diameter. Most 
of our native species aro much more minute. The Eozoon, 
so-called, is supposed by some to be a Foraminifer, but 
others regard it sa moro probably inorganic, and simply » 


wa 

f eee Nine of 

{he beriy's sume balls of food tn 1 

the latter; ¢, prendopodia of the evetliost 
yee, — Alter Gegenbau, 


Pig. 18D, Cokephare #4. 
froma, with peojecting conical 


mineral. Undoubted Foraminifera occur in the Siluri 
formation, while large masses of carboniferous and oi 
taceous rocks are formed by their shells. 

Order 2, Radiolaria.—Thwse Rhizopods huve the gen 
srocture of Amabe, but secreto beantifal silicions shq 
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already described. This moner-like being, without a 
nuclens, is the young Gregarina. 

But soon the Amoba characters arise. The moner-like 
young (Fig. 18, D BF) now undergoes a further change, Its 
outer portion becomes a thick layer of a brilliant, perfectly 
homogencous protoplasm, entirely free from granules, which 
surrounds the central granular contents of the cytode 
(Haeckel) or non-nucleated cell. This is the Amoba stage 
of the young Gregarina, the body, as in the Amba, con- 
sisting of a clear, cortical, and granular 
medullary or central portion. 

The next step is the appearance of two 
arm-like projections (Fig. 18, #’), com: 
parable to the pseudopods of an Amaba, 
One of these arms elongates, and, sepa- 
rating, forms a perfect Gregarina. Soon 
afterward the other arm elongates, ab- 
sorbs the moner-like mass, and also be- 
comes # perfect Gregarina. ‘This elon- 
gated stage is called a Psendofilaria (Fig. 
18, G@); no nuclous has yet appeared. 
In the next stage (Fig. 18, 4 n, nucleus) 
the body is shorter and broader, and the 

= nucleus appears, while a number of gran- 

rete ses ules collect at one end, indicating a 

Saye head, After this the body shortens # 

uceon Arter ‘Oogen! little more (J, J), and then attains the 

elongated, worm-like form of tho adult 

Gregarina (KX), Van Beneden thus sums up the phases of 
growth : 


, z 


1. The Moner phase. 

2 The generating Cytode phase, 

3. The Psendofilaria phase. 

4. The Protoplast (adult Gregarina). 

6. The encysted Gregarina. 

6. The sporogony phase (producing zoospores). 


The Gregarinw and Amole constitute Haeckel’s group 
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of Protoplasta, Other Gregarine are very minute, and are 
parasitic in insects (Fig. 19), etc., Fe ne 
mina Henig Sereenty: while in a few forms the 
body ends anteriorly in a sort of beak armed with recurved 
ao ets We are now prepared to adopt the following 
definition of the class + 


Crass TIl.—GREGARINIDA., 
Protozon, more or lesa dongated, with a determinate cell- 


Crass TV.—Ixrusorta. 


rims ean best be understood by studying rep- 
e three orders forming the class, 

Flagellata (Monads).—A familiar example of 

ys fermo Ehrenberg? has been studied by 

‘His description will suit our purpose of indi- 

nd habits of a typical flagellate animaleule. 

Beeps on figure of Uvella in its general 

e |, faint olive in color, and provided 

locomotive lash orflagellum. In swimming, 

hes out the flagellum, which vibrates with 
> whirling motion, and produces a peculiar 

‘motion. When the monad is fixed the fla- 

b convey food to the mouth, which lies be- 

| the base of the flagellum and beak, or “‘lip.”’ The 

by a sudden jerk, and with precision, directly 

‘mouth. “If acceptable for food, the flagellum 

I down npon the morsel, and at the same time 
the lip is thrown back so as to disclose the mouth, and then 
bent over the particle as it sinks into the latter. When the 
thas obtained a fair hold upon the food, the flagellum 
ftom its incumbent position and returns to its 

former rigid, watohful condition, Tho process of degluti- 
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tion is then carried on by the help of the lip alone, which 
expands Jatterly until it 
completely overlies the 
particle. All this is done 
quite rapidly, in a few sec- 
onds, and then the food 
glides quickly into the 
depths of the body, and is 
enveloped in » digestive 

Fig. 9.—Moands ( (eels) —After Tuttle, vacuole, whilst. the lip ne 
sumes its usual conical shape and proportions.” (Clark.) 
All the monads have a contractile vesicle. In Monas 

termo, Clark observes that it is “ so large 

and conspicuous that its globular form 

may be readily seen, even through the 

greatest diameter of the body ; and con- 

tracta so vigorously and abruptly, at the 

rate of six times a minute, that there 

seems to be a quite sensiblo shock over 

that side of the body in which it is em- 

bedded.”” The contractile vesicle is 

thought to represent the heart of the 

higher animals. The reproductive organ 

may possibly be represented in Monas 

termo by @ “very conspicuous, bright, 

highly refracting, colorless vil-like globule 

which is enclosed in a clear vesicle” called 

the nuclens, This and other monads live 

either froo or attached by a slender stalk. 

As an example of the compound or aggre- 

gated monads may be cited Uvella, prob- 

ably glauconia of Ehrenberg. Other 

forms, as Codosiga, are fixed by u stalk to 

somo object ( 2, CL pulcherrimus 

Clark). In this and allied forms the body 

ix eurmounted by a collar or culyx ont of po tuna 

which the flagellum projects. The Co- ees ct ale 

dosiga hus boon observed by Clark to un- 

dengo fission, two independent monads resulting, within ho 

space of forty minutes. 
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agus which passes into the digestive cavity, in front of 
which lies an oval nucleus. Beneath the outer skin or firm 
membrane surrounding the body is a gelatinous layer, con- 
taining numerous granules. A network of granular fibres 
wrises from the granular layer; these OHbres piss into the 
middle of the body to the nucleus and digestive cavity. The 
young (Fig. 22, , s) result from a division or segmentation 
of the entire mass of the protoplasm of the body, forming 
small oval bodies with a long lash. ‘The zoospores are like 
those of other Flagellata, and for this reason and the gen- 
oral structure of the adult, Noctiluca is by the beat author- 
ities associated with the Flagellata. Noctiluca also under- 
goes conjugation, but the zoospores 
appear whether conjugation has oc 
curred or not. The Noctiluca on the 
coust of the United States has been 
observed in abundance on the surface 
of the sea in Portland harbor, by Mr. 
E. Bicknell. It is phosphorescent, 
but whether identical with Noctiluce 
miliaris of the European seas is not: 
known. Leptodiscus medusoides Hert- 
wig, is discoidal or medusiform in 
wikis stak'atuehed to'x shape, the disk one and a half milli- 
fmuing Te kivSke wegen’ motres in diameter. When disturbed 
sgragrmcken—From Sse it darts through the water by the con 
tractions of its umbrella-shaped body. 

It is allied to Noctiluca and was discovered at Messina. 

Poridinium ia the type of a third and higher division of 
monads, the body being protected by a hard shell, with one 
or moro flagella, and a row of cilia serving as a locomotive 
apparatns, and thus, together with Heleromastiz and Dys- 
feria, connecting the Fiegellafa with the Ciliata or true 
Infusoria. 

Order 2, Tentaculifera (Acinetw, Suctoria).—An Acinela 
(Pig. 23) reminds us at first sight of a Radiolarian, since 
the body is provided with filiform, tentacle-like processes 
resembling the psendopodia of a Radiolarian, but the ten- 
tacles are in reality rathor stiff, hollow, and act as suck- 





THE CILIATE INFUSORIA. 35 


ers, £0 that when the organism has by means of its hollow 
arms or tentacles eanght some 
Infusorian, the arms con- 
tract, draw the victim nearer 
to the Acinefa, and when the 
sucking disk at the end of the 
arms has penetrated the skin, 
the eontents of the body of 
the Infasorian are sucked into 
the food-cavity of the Acine- 
ta; on the other hand, in 
some Acinetw a portion of the 
arms arc simply prehensile. 
‘These animals are in their 
adult phase quite unlike the 
Flagellata or Ciliata, but the 
young are developed within 
the parent and are provided 
with cilia, being at first free- 
swimming, and afterward 
fixed by a long stalk. The 
zleinet# sometimes self-di- 
vide, sending off from the 
free end of the body a ciliated 
Acinete ; they have also been 
seen to conjugate. 
Order 3. Ciliata (Infuso- 
ria).—A common type of this 
group and one easy to obtain 
by the student is Parame- 
ecitun (Fig. 24), observed in 
infusions, or moving rapidly 
over the bodies of larger ani- visu'som the ines ste 
mala which may be under the {ai =e 
microscope, Figure 24 rep- 
resents Paramecium cxda- roar HH i pos ong 
ee eucenlere: ie ani re Mra gh so he vee 
malcule is a mass of proto- 
plasm, representing a peas cell. In the body-mass are ex- 
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cavated a mouth and a throat leading to a so-called stomach 
or digestive cavity. ‘Iwo hollows in the body form the con- 
tractile vesicles, and an- 

other cavity constitutes 

the reproductive organ, 

Prolongations of the body- 

mass form the cilia, which 

characterize the Infusoria 

and give the name to the 

present order, Ciliata. 

Paramecium has an elon- 

gated, oval body “ with 

one ond (47) flattened ont 

broader than the other, 

and twisted about one 

third way round, so that 

the flattened part resom- 

bles a very long figure 8." 

In this form, as well aa in 

Stentor (Pig. 25), a3 Clark 

remarks, “we havo the 

mouth at the bottom of & 

broad notch or incurva- 

tion, and the contractile 

on the opposite 

next the convex 

Fig. $8-—Slowor palyinerptus agit’ 139 whilst the general 
Sanccere, exyandes Stach ees Sire, cavity of the body lies be- 
Sree tween these two.” The 

Sido inthe cxueme arrows in the figure repre. 

Mholawalckves of the sent the course of the par= 


ecdongation of e 5 ; . 
rand mduting ticles of indigo with which 


supposed to be 
_Fadsenentary oa aan the Chatie fed his specimens, 
‘ eate “as they are whirled 

long, by the large vibrat- 

ing cilia (v) of the edge of the disk, against the vestibule of 
the mouth.”” During the cirenit the food is digested, & 
mass of rejectamenta is formed near the protuberimee, a, 
which hus appeared a short time before. ‘This finally 
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phus Ehrenberg) we have a rather more complicated form, 
the infnsorian attaching itself at one end by a stalk, and 
building up a slight tube, into which it contracts when dis- 
turbed. The Stentor may be sometimes observed multiply- 
ing by eelf-division, Clark observed Stentor polymonphus 
undergoing the process. The first change observed was the 
division of the contractile vesicle into two, The mouth of 
the new Stentor was formed in the middle of the under side, 


a 


Pig. 27. —Fpletylls Sertoane Rhr., a vingle, msny-forked colony of bell 
a sé the animsicelestmagniied Bo 


Bed ales magn diameters. 
tephra at thw edge of the disk: war, the muscle} we 8a 
ath ; 9, gf, the throat, of radi 
the reprodoctite orgs or meee 


De 


first appearing as a shallow pit, around which arises a semi- 
circle of vibratile cilia. The month and throat form in the 
new Stentor before any signs of division appear, but in the 
course of two hours the body splits asunder, and two new ine 
dividuals appear. Fig. 26 illustrates the mode of self 
division seen in Stentor polymorphus Ehrenberg, by Hon, 
J.D, Cox. The process in this occupied two hours ; at the 
final stage (Fig. 26, /) the connection betwoon the two ani- 
malcules parted, “and the two Stentors swam separately 
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away, both assuming the common form of the animalcule 
when free-swimming, and differing from the original indi- 
eee erect sali sie 
a well as most interesting form of 
all the Tat Infasoria is the bell-animalcule, Vorticella, It is 
Yery common in pools, forming patches like white mould on 
the leaves and stems of submerged plants, It may, like 
Stentor, be observed under low powers of the microscope. 
‘Their motions, as they suddenly contract and then shoot 
out their bell, mounted on a Jong stalk, are very interesting. 
‘The throat (axsophagus) is quite distinct, while the nucleus 
ia the organ of the body. The digestive 
cavity is a in the protoplasm forming the body- 
mass, in } the whole mass of food revolves in a deter- 
Closely allied to Vorticella is Epistylis 


ile et most ciliate Infusoria, so far as known, multiply 

plas gente in Vaginicola the process is more like trae 

Dp ‘budding, and is accompanied by a process of 

ng, resulting in the production of a free-swimming 

the adult Vaginicola being attached. The 

Fees ee Press ener, and the nuclous subdivides 

t ‘becomes filled with monad-like germs, the 

waait ot ultaneous breaking up of the nucleus. The 

Vorticell, then, pass through a flagellate or monad stage, 

from which they paeriats the Vorticella condition, when 

they multiply by self-division and by budding, the last 
generation becoming encysted. 


is a common occurrence in ciliate Infusoria, 
and in the breaking up of the nuclens of each indi- 
yidual into a number of fragments, and the appearance in 
each of the individuals of the nucleus and nucleolus (¢ither 
single or multiple) which characterize the species.* 


* Balbiani believes that the ciliate Infusoria have eggs which are 
More recently, however, Engelmann, 


‘sre spermatozoa *' Nevertheless," remarks Huxley (Anatomy of In- 
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Crass IV.—Ixvcsonta. 


Flagellate or ciliate (sometimes only ciliate in the early stages) Protosoa, 
Bir Se anviN fair, Nevin « dehede atih, ont eis 


nucleolus), but with no distinctively sexual organs. 


Order 1. FlageZata,—Rounded, oval, or pear-shaped organisms, usually 
excoodingly minute, provided with one or two flagella, with 
‘an oral region, into which particles of food are thrown by 
the flagellum ; with a nucleus and contractile vesicles, rarely 
stalked, and with a calyx; sometimes aggregated; with a row 
of cilia in the highest forms serving as a locomotive appara- 
tus ; reproducing by self-division or by segmentation of the 
protoplasmic contents of the body, the young being minute 
oval bodies, provided with flagellum (Monas, Heteromita, 
Noctiluca, Perfdintum), 

(Suctoris). —Naked, not cilinted, 
with long, stiff, retractile arms or tentacles, provided with a 
sucker at the end, the arms hollow, conveying the food to 
the digestive cavity ; originating from ciliated young ; also 
by self division throwing off ciliated forms, and undergoing 
conjugation (Acineta). 

Order 8. Ofliate (Trac Infusoria).—Body free and covered with cilia 
(Paramecium, Stentor, ctc.), or stalked, with the cilia con~ 
fined to the head ond (Vaginécola and Vorticella, ete.); a 
well-defined mouth and esophagus ; a digestive cavity and 
ent ; a large nucleus, and two or more contractile vesicles, 
Reproducing by self-division, budding or conjugating, and 
producing monad-like young by self-divieion of the nu 
cleus ; sexuality doubtfully indicated. 


The following diagram represents the relative position 
of the orders and classes of Protozoa, and in a rnde way 
their possible genetic relations : 


yertobrated Animals, p. 662), ** it is still possible that the conjagation 
Ne ea ceo) ot process, and that a portion of the 
divided endoplastules fecaied mucect of each may play the part of 

the spermatic corpuscle, the conjugation of which with the nuckeus of 
the ovum sppears, from recent researches, to constitute the essence 


ep eeot preamsiea.” 
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‘View or THE CLASSIFICATION OF THE PROTOZOA. 


Oitiata, 
(Paramecium), 


Laboratory Work,—None of the Protosoa, except the shells of the 
Foraminifera and Radislaria, can be well preserved after death, and it 
always better to atudy any animal alive or freshly killed than when 
in any sort of fluid. Fresh-water Amato and Monera 
for on the surface of leaves and the stems of sub- 
in ponds, pools, and ditches. Many fresh-water Rhizo- 
in sphagnum awamps and in damp moss or in shaded pools. 
marine forms may be gathered with a fine towing net, when the 
‘the ocean is calm. The commoner Foraminifera will be found 
and stones at low-water mark or in shallow water, but most 
tly at greater depthe—i, ¢., from ten to one hundred fathoms. 
placed in water they will, after a period of rest, send out 
peeudopodis. 

indy their form and development they should be placed in a 
water in an animalcule or aquatic box, and kept in this way 
and even weeks, the box being examined daily, and 
necessary. The shells may be studied by grinding and 
tranaverse and longitudinal sections. The animals of 
forms (Rotalia, Tertillaria), on being treated with 
chromic acid and stained with carmine, disclosed to Hertwig 
marked nucleus, The nucleus may also be deeply stained by 
lin or carmine, and may be clearly demonstrated by acetic 
tends to destroy the surrounding protoplasm. Much in- 
mechanical skill, and patience is required in the study of the 
and much yet is to be learned regarding their mode of de- 

‘and their structure. 


EEREETT EE 
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CHAPTER II. 
BRANCH I.—PORIFERA (Sroars). 


Gonoral Characters of Sponges.—Although the sponges 
were formerly supposed to be compound or social Ameoba, 
and more recently monads, from the striking resemblance 
of their epithelial cells to certain monads, and have been 
generally regarded as Protozoans, later researches have 
shown that they are in reality many-celled animals, and that 
for a short period of their life they follow the same develop- 
mental path as the higher animals, It was also discovered 
that they reproduce by eggs, the latter undergoing segmen- 
tation and assuming the condition of a three-layered snc, 
the three layers being identical with those of the higher 
branches of the animal kingdom, so that the gap between 
the Protozoans and sponges is wide one, and the latter are 
more nearly allied to the Aydra, for example, than to any 
one-celled animal. 

One of the simplest sponges, such as Ascetfa primordialis 
Haeckel, is a spindle or vase-shaped cylinder, attached by ite 
base, with the cellular soft portion supported by a basket 
work of interlaced needles or spicules of silex or lime. The 
cells are arranged in three layers, the innermost (endoderm) 
being provided each with acilium. The spicules, and also 
the eggs, are developed in the middle layer (mesoderm). 
Moreover, the walls of the body are perforated by multitudes 
of small pores (whence the name of the branch, Porifera), 
through which the water percolates into the body-cavity, 
carrying minute forms of lifo or food-particles, which are 
individually thrown into each cell by the action of the o 
cilium thrust ont of the collar of the cell, much as in an ins 
disidual monad such as Codosiga (Fig. 21). Hach cell re 
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jects its own waste particle of food, the protoplasm having 
been previously absorbed, and the waste from all the epi- 
thelial cells is collectively expelled from the single excurrent 
“orifice (osculum), there being many pores or mouths, and 
but a single outlet for the rejectamenta. 

Such is the stracture of one of the simplest sponges ; the 
larger common sponges differ mainly in having a Jess defi- 
nite form, with numerous sacs or digestive cavities or cham- 
bers, and numerous excurrent orifices or osewla. It will be 
seen, then, that we have in the sponge a three-layered sac, 
its cavity rudely foreshadowing the gastrovascular cavity of 
the Hydra, but with no genuine mouth, the pores or so- 
called mouths simply allowing the sea-water laden with 
sponge-food to flow in, inflowing currents being formed by 
the ciliary action of the digestive cells, and the excurrent 
orifice permitting its exit. 

Tn the other sponges such as are figured in this chapter, 
the structure is a little more complicated than in the 
Ascetta. There is no general body-cavity, with a contin- 
nous lining of epithelial cells, but the entire sponge-mass is 
permeated by large canals ending in oscula, and there are 
innumerable pores (so-called mouths) leading by branching 
canals to little pockets or cavities, which are lined with the 
flagellate, collared cells developed specially from the inner 
cell-layer (endoderm) ; so that the animal is myriad-stom- 
ached, so to speak. Moreover, the middle layer of cells is in 
many sponges greatly thickened, and nearly the whole 
‘mass, us seen in the common sponge, consists of spicules or 
horny fibres, and protoplasm, through which the excurrent 
and inenrrent channels meander. Thread cella or lasso- 
colls like those hereafter to be described in Hydra have 
been detected in the sponge named Reniera. 

Let us now follow out the life-history of a sponge. The 
sponges are further distinguished from the Protozoa in pro- 
ducing eggs and spermatic particles, the eggs being fertilized 
before leaving the sponge. The egg after fertilization di- 
vides in two, four, eight, sixteen, and more spheres, attain- 
ing the mulberry or morula * state (Fig. 29). The result is 

* The terms mornta and gustrule are used in this book simply for 


io 





MM ZOOLOGY, 


the formation of atwo and afterward three-layered sac, cor- 
responding to the gastrule of the higher animals. In this 
atate (Fig. 30) the germ breaks out of the parent sponge into 
the sea. Fig. 31 represents the development of the common® 
little calcareous sponge (Sycon ciliatum), found between 
tide-marks. A indicates the morula with the segmentation- 
cavity (0), which afterward 


disappears as at B. The 


> B 
| 46 \\ gastrula is represented at 
© 0, and conn of ciliat- 
ed and non-ciliated large 
A round cells; the first series: 
Rig. 22—Sepmentation of egg of sponge forming a sort of arch, with 
y ae a hollow in the middle, 
aronnd which a large number of very fine brown pigment 
corpuscles are collected. ‘The next change of importance is 
the disappearance of the cavity, the upper or ciliated half 
of the body being much reduced in size. Then the large 
round cells of the hinder part are united into a compact 
mass, leaving only a single row. The ciliated cells are 
gradually withdrawn into the 
body-cavity. Fig. 31, D, shows 
this process going on. At this 
period also the larva becomes aes- 
sile, and now begins the formation 
of the sponge-spicules, which de- 
velop from the non-ciliated round 
cells. Metschnikoff calls atten- 
tion to the fact that at this early 
stage the Sycon passes ees 
phase which is persistent in the 
onus Syeyesa, ‘The layer of ci- ntueotonsh a Sa 
jated cells are gradually withdrawn into the body-cavity, 
until a small opening is left surrounded with a circle of 
cilia. These cilia finally disappear, a few more spicules 
grow out, and meanwhile the opening disappears. In the 
next stage (represented at J) a considerable body-cavity ap- 
convenience to avoid circumloctition. It may be that these conditions: 
will be found to be essentially modified in different groups of animala, 
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pears which may be seen through the body-walls, At this 
time the germ consists of two layers, the inner layer of cili- 
sted cells (endoderm) forming a closed sac, enveloped in the 
spiculiferous layer. Such are the observations of Metschni- 
koff on the development of Sycon. According to the ob- 
servations of Barrois, the larva or gastrula fixes itself by what 
ure destined to be the ectodermal cells, and which are the 
round non-ciliated cells forming the posterior end (Fig. 31, 
©) of the free-swimming gustrula. About this time the 
mesoderm separates from the endoderm, either before or 
just after the gastrula becomes stationary, according to the 
group to which it belongs. 

When the young sponge becomes stationary it does not 
differ from the gastrula, except that it becomes more or leas 


#22 


‘Pig. 81.—Derelopenent of a sponge (Spom ciliatum).—After Megechiiikomt 


irregular in form. Then appear the food or digestive cavi- 
ties in the endoderm, in Sycandra becoming radiating tubes 
lined with ciliated, collared, monad-like cells; or in Leucon 
and Halichondria, and their allies, forming scattered pock- 
ets, called “‘ampullaceous zacs.’’ In most sponges (except 
some calcareous species) there is no general body-cavity in 
the gustrnla, nor in the young after the larva becomes sta- 
tionary, according to Barrois. After the formation of the 

sa¢a the pores open through the mesoderm 
and connect the sacs and ciliated channels, as the case may 
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The calcareous sponges are few in number and aro repre- 
sented by a delicate little white sponge called Sycon cilic 
tum Johnston, very common on sea-weeds between tide- 
marks. 

Order 2. Curneospongia.—In this group the spicules 
may either be fibrous and horny or silicious. The middle 


Tig. #8 —Azrineila polypoties, Fig. 5.~fyolonema toreate, 
natural sive. ~ After Laven, 
cell-layer is yery thick, the endoderm being restricted to the 
numerous digestive cavities or so-called ampullaceous 
The fresh-water sponge (Spongilla) occurs everywhere 
on submerged sticks and stones in running or nearly stag- 
nant water, usually branching, With the exception of 
Spongilla and another form, Siphydora echinoides Clark, 
which grows ss large as one’s fist in northern ponds and 
streams, all sponges are marine. One of the commonest 
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north of New York is Chalinula oculata (Bower- 

bank), which grows in long slender branches on the piles of 

wharves and bridges. Allied to it is Axinella (Fig. 32, 4, 
polypoides), 

* Allied to Tethea, which is sessile, is a deep-sea form grow- 

ing on a long stalk, i.e., Stylocordyla boreale (Fig. 33). At 

the depth of 100 fathoms in the Gulf of Maine occurs a 


Ok —Fivromema Anus, bait satural olce, with stellate and anchor ike apienlen, 
sworh enlarged —Afier Lesty. 

similar species (8. longissimum Sars). Fig, 34 represents 
a fine silicions «sponge (Pheronema Ann@ Leidy) from the 
Weat Indios. The most beautiful of all siliciona sponges is 
the Venue’ flower-basket (Zuplectelium aspergillum), which 
lives anchored in the mud at tho depth of about 10 fathoms, 
near the Philippine Islands, 
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‘View oF THE CLaserricaTiON OF THE PoRIFERA. 


Carnevepongia. 
(@pongu) 


Laboratory Work.—Sponges are difficult to preserve alive in aquaria 
for study. Fine microscopic sections of the living sponge may be made 
with the razor or the microtome, and the tissues and eggs as well as the 
young be studied, though, from their minuteness, the study of the 
Young is very difficult. ‘The ciliated young of Sycon ciliatum may be 
obtained in the spring and summer by picking a portion of the sponge 
to pieces and tearing out small fragments with fine needles, until por. 
tions are smal] enough to be examined under high powers of the micro- 
scope. Researches on the finer structure and mode of growth of the 
sponge are difficult, and require much skill and long training in his- 
tological methods. The gross structure of sponges may be studied by 
cross and longitudinal sections made with a razor or knife. 





CHAPTER III. 


BRANCH I1.—C@LENTERATA (Hrpnoips, Jeuby- 


Fisags ab Potyrs), 


General Characters of Celenterates.—In this branch, 
which is represented by animals like the Hydra (Fig. 36) and 


Tubularia (Fig. 35), the body consists 
of three cell-layers, surrounding a 
definite, single, digestive cavity, the 
mouth of the cavity being surrounded 
by a circle of tentacles, which are hol- 
low and connect directly with the 
stomach, The latter, however, is only 
partly differentiated or set apart from 
the body, hence the name Celenterata 
(Greek, xorAos, hidden, and ¢vrepor, 
digestive tract). From the stomach 
often radiate water-vascular canals, no 
blood-system yet appearing thus far in 
the animal kingdom, the products of 
digestion reaching the tissues from 
the smaller branches of the primary 
water-yascular canals, The nervous 

is either absent, or in different 
grades of development, from the iso- 
lated nervo-muscular cells of Hydra 


and the scattered nerve-cells of an Pest Tiydvod, Tew 


Actinia, to the continuous ganglion- 


ated nervous ring of the minute Brom eines 
jelly-fish such as Sarsia, These animals display a striking 
amount of radial symmetry, the organs and body being dis- 
posed in radiate manner around a central vertical axis, in 


™, Fe peace 
ies 
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ions of the body-wall, and are hollow, 

with the body-cavity. 
is the general structure of the Hydra. In the 
are situated the lasso-cells or nettling organs, be- 
barbed filaments coiled up in a cell-wall, which 
80 as to paralyze the animals serving as 
endoderm forms a simple cell-layer, the 
te snr) svn at wa 
aii layer of large cells is a multitude of smaller 
them being thread or Iasso-cells, while still 
within are fine muscular fibrille which form a continuous 
layer. Dicdisge cells Rak tnaiel ead in Stroke peo 
cesses, which alone possess contractility, and are thought by 
Jeinenberg to be motor-nerve endings, These large cells, 
from combining the functions of mnscle and nerve, are 
termed ‘nervo-muscle cells,” The little cavities between 
the large endodermal cells and the muscular layer (meso- 
derm?) which lies next to the endoderm are filled with 


ieeene 

The body being but differentiated or set apart 
like other low creatures, is 
a wonderful degree of reproducing itself when 
Trembley, in 1744, described in his 
ie only ent Hydras in two, but on 
thin rings, found that from each 
ten ; he split them into lon- 
becoming eventually a well- 
finally he turned them inside out, and 
waginated Hydra swallowed pieces of 
deena -lining had now become its 
_ We shall see that not only many Hydroids, Aca- 
peat Echinoderms, and many worms, may reproduce 
artificial dissection, but that celf- 
biased though unusual mode of reproduction 
‘these animals, a well as in the Protozoa, which 
y also be made to reproduce by artificial division, as 
‘out an infusorian into several pieces, each frag- 

at altes @ perfect individual. 


aia) bi 


+ 


He 








consisting group of Elbswhicbs Kleinenberg states, 
differ entirely in their mode of formation from the ovaries 


| outer layer of prismatic cells, forming the surface of 
surrounding the inner mass of polygonal 
jnone'of these cells are nucleated, but after- 


any pre-existent egg-nucleus. 

formation of « true chitinous shell, 
embryo. After this, Kleinenberg 
the germ become fused together, 


Hydra is soon told. In this 
5 is formed a small excentric 
the beginning of the body-cavity, which 
After several weeks the germ 
‘the hard shell and escapes into the surrounding wa- 
ter, but is still surrounded by # thin inner shell. After this 
‘clear superficial zone appears, and a darker one beneath, 
which is the first indication of the splitting of the germ into 
the two, afterward three, definitive gorm-lamellw, common 
to all animals except the one-celled Protozoa. 
‘The embryo soon stretches itself out, a star-shaped cleft 
s which forma the month. The tentacles next ap 
pear. animal now bursts open the thin inner shell, 
‘and the young Hydra appears much like its parent form. 
There is, then, no metamorphosis in the Hydra ; no cili- 
ated planala, a8 in many other Hydroids. The adult form 
is thus reached by continuous growth. 












56 ZOOLOGY. 
Tt will be seen, to anticipate somewhat, that th 
exuctly as in the vertebrates, including man, ari 
egg developed from a true ovary, which, after f 
passes through a morula stage; that the gorm © 
first of two germinal layers, while from the outer 
probably in the vertebrates, an intermediate or n 
cular layer is formed, which Allman thinks is the h 
of the middle germ-lamella of the vertebrates (n 
ieee oe regal alee ee 
all the other Hydroids the sexes are sep 
for the first time in the animal kingdom met 
sorts of individuals—i.¢., males and females. 
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The simplost form next to Hydra is Hyd in 
which the individual is differentiated into three 
xooids—t.e., a, hydra-like, sterile or nutritive x00 
¢, tho reproductive zooids, one male and the oth 
both being much alike externally, having b ; 
rudimentary tentacles several spherical sacs, whi 
duce either male or female medusw. These | 
(gonophores) are in structure like the free modu 
ryne. Tho marine Hydroids, then, are usually 
tinct, growing by colonies, which are either male 


HYDRO CORALS. 


Hydractinia echinata (Vig. 37) torms masses (each called a 
peal Sah he encrusting shells. 

in Clava the reproductive buds remain permanently at- 
Be Tt grows in pink masses on Fucoids, about half'an 
inch high, tye! common on our shores. It is repro- 
sented in fresh water by Cordylophora lacustris Allman, 
which lives attached to rocks and plants in Europe 4nd this 
country. 

Here comes in the group of Hydroids represented by 
AMitlepora and Stylaster, which were formerly considered to 
be Anthozoan corals. By the researches of L. Agussiz in 
1859, and TH. M. Moseley 
in 1876, Millepors, which 


1 iene ad a, nutritive 
LS saereacve lasso-cell ; d, 
mie ellen thd Tora, 


lepora is Li 
while onr description is taken from Moseley’s account of 
nodosa Esper. (Fig. 38). Its generic name is de- 
rived from the numerous pores or calicles dotting its surface 
and arranged in irregular circular groups, consisting of a 
eentral calicle, or cup-like hollow, with from five to eight 
smaller calicles arranged around\it. The mass of the coral, 
or hydrophyton, consists of fibres (or trabeculw) of lime, 
forming a spongy mass, traversed in all directions by tor- 
tous canals which “form regular branching systems with 
main tranks, giving off numerous branches, from which 
arise secondary branches, and from these again amaller 
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ee eee See a eee 
Piereireremiresvoxteont arta. tbe: margin and 


natural 


many other Hydroids. sas: se Bae maynidied, ‘thot he hydrap, Wil the 
can be collected by a 
towing-net, and emptied into a jar, where they can be de- 
tected by the nuked eye after a little practice. 
‘Graptolites.—More nearly allied perhaps to the Sertularian 
Hydroids than any other known animals are the Graptolites 
(Big. 43), which were most abundant in the Lower Silurian 
period, and lingered as late as the Clinton epoch of the Upper 
Silurian. In @raptolithus Logani the hydroid colony (hy- 
drosome) is along narrow blade, with a row of cells on one. 
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in G, pristis the hydrosome is broader, more lanceo- 

d the sharp, tooth-like cells are arranged on both 
widiy ota median stem. In Phyllograptus typus the hy- 
drogome is broad and oval, leaf-like, the serrations of the 
leaf marking off the cells, which are apparently supported 
on acentral axis. The group also has some affinities to the 
Polyzoa, and is probably a generalized or synthetic type of 
animals. 

Order 2. Discophora.—We now como to meduse which 
differ from the Hydromeduse in 
developing directly from eggs; 
in having usually no velum ; with 
branching gastro-vascular canals, 
and covered sense-organs. Thoy 
intergrade, however, with the 
Hydroidea by the members of the 


are small jelly-fishes, with often 
a remarkably Jong proboscis 
(manubrium), a3 in 
and with either four single radi- 
ating canals, or, in addition, as 
in Geryonia, a number of smaller 
canals on the edge of the disk ; 
i 4 Dp or, as in a still more complicated 
form, Charybiaa, the radiating 
Seinen scm canals are branched, thus con- 
necting this group with the trae 
covered-eyed Acalephs, such as Aurelia, 

0. and R. Hertwig have fully confirmed Haeckel’s discoy- 
ery of the nature of the nervous system in the Geryonida, 
They find that the nervous system is developed in the ecto- 
derm and consists of two ‘‘ring-neryes’’ around the edge 
of the disk, formed of two filaments, one lying on the upper, 
the other on the under side of the velum, immediately at its 

From this double nervous ring filaments are sent 
to the ganglia near the sense-organs. This sortof a 
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about like the Awrelia by alternate contractions and expan- 
sions of the umbrella. We will now enter into a more com- 
plete account of this group based on Clark’s characteriza- 
tion. The disk is more or less octagonal or circular, um- 
brella, funnel or urn-shaped, the end opposite the month 
ending in a pedicel, by which it is attached temporarily to 
sea-weeds. ‘Che mouth is square, and between the ectoderm 
and endoderm is a jelly-like layer constituting the musculo- 
gelatiniform Jayer (mesoderm) much as in Awrelia. This 
Jayer extends into the tentacles and marginal anchors, ds 
well as into the pedicel. The cavity of the disk is divided into 
four quadrant chambers, separated by as many partitions, 
which extend from the mouth into the lobes nearly to the 
margin between the tentacles. The latter are arranged in 
eight groups or tufts just within the margin of the disk, at 
eight points, which alternate with the four partitions and 
the four corners of the mouth. The tentacles are hollow, 
opening into the radial canals of the general cavity of the 
body, and end in a globular or spheroidal expansion, sery- 
ing as an organ of touch or prehension. In some forms, as 
Haliclystus auricula Clark, marginal anchors are situated 
at cight points, exactly opposite the four partitions and the 
four corners of the mouth ; they are originally tentaculiform, 
but in adult life form organs by which they adhere to or 
pull themzelves from pluce to place. ‘The sexes are distinct, 
the reproductive glands haying the same position in cach 
sex. Nothing is absolutely known of the mode of growth 
of those animals, but development is supposed to be direct, 
Our common Lucernarian ia Haliclystus auricula Clark. 
Its umbrella-shaped disk is an inch in diameter ; including 
the tentacles, an inch and a half; the pedicel half an inch 
long. It ranges from Cape Cod to Greenland and south- 
ward to the coast of England, and may be found on eel- 
grass between tide-marks. 

According to A. Meyer, the end of the stalk when ent off 
produced 4 new disk, and even pieces cut off between them 
became complete Lucernarie, evincing the extraordinary 
powers of reproduction in these interesting jelly-fish, 

Coming now to the true Discophora, jelly-fish, sow- 
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nettles, sun-fish or Acalephs, of which there are about 
ninety known specics on the eastern coast of the United 
States, we may study as the type of the suborder the 
common Aurelia flavidula Péron and Lesueur of our 
coast, which is closely allied to the Awrelia aurita of the 
shores. It grows to the diameter of from eight 
to ten inches, becoming fally mature in August, the young 
appearing late in April in Massachusetts Bay, being then 
not quite an inch in diameter. The mature ones may be 
easily captured from s boat or from wharves. On a super- 
ficial examination, as well a3 by cutting the animal in halves 
and making several transverse sections with a knife, the lead- 
ing po points in its structure may be ascertained. Its tough, 
jelly-like disk is moderately convex and evenly curved, while 
four thickoral lobesdepend from between the four large geni- 
tal pouches ; the oral lobes unite below, forming a square 
mouth-opening, the edge of which is minutely fringed to the 
end of the tentacles, On the fringed margin are eight eyes, 
each covered by a lobule and situated in » peduncle, and 
occupying a3 many slight indentations, dividing the disk 
into eight slightly marked lobes. The subdivisions of the 
water-vascular canals or tubes are very numerous and anas- 
tomose at the margin of the disk, one of them being in 
direct communication with each cye-peduncle. When in 
motion the disk contracts and expands rhythmically, on the 
average twelve or fifteen times a minute ; on the approach 
of danger they sink below the surface. 

While a distinct nervous system has not been discovered 
in Aurelia, Romanes suggests that there are primitive nervo- 
muscnlar cells, such as those shown by Kleinenberg to exist 
im Hydra, and he concludes, after a series of experiments 
on Aurelia aurita, that the whole contractile sheet of the 
bell presents not merely the protoplasmic qualities of ex- 
citability and contractility, but also the essentially nervous 

of conducting stimuli to a distance irrespective of 
the passage of a contractile wave. The later researches of 
0. and R. Hertwig show that the nervous system of 
Acalephie Acraspedota or covered-eyed Medusw) is much 
“more than in the naked-eyed or craspedote forms, 
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such as the medusm of the Hydroids and the Trachy- 
nemide, In the European Nausithoe albida wand Pelagia 
noctilwea no nerve-ring is present, for this is impossible 
owing to their deeply indented disks. There are instead eight 


| Gastra 
Matihco Meddwea, a. Pig. 45. —Seyphistoma of Ai 
month; 8, gustro-yaocilne cavity: ekdota, at dlitorent Koss 
aa 
soparate nerve-tracts which unite with the sense-orguns in & 
special elevation of the edge of the disk, forming so-called 
senso-bearers, which alternate with the eight tentacles, 
Aurelia aurita has « similar disconnected nerve system.* 
Eimer confirms these discoveries, and states that the nore 
yous systern in these Hydrozoa arises from the ectoderm. 





Ss 


Wig. 46 —Strovita of Av. 
reila Aavidule, — Attor 
Aunenta. 
‘Tho Aurelia favidula spawns in late summer, the femaled 
oing distinguishable by their yellowish ovaries, the male 
glands being roseate, while the tentacles of the fomales are | 


* Tonaleche Zeitachrift, 1877, p, 855. 
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animal ngen'the name of Seyphistome, Tene Beyphie 
toma stage (Pig. 45) it remains about eighteen months. 
Towsed fe the ond of this poriod the body increases in size 
and divides into aseries of cup-shaped disks. These saucer- 
like disks are scalloped on the upturned edge, tentacles bud 


out, and the animal assumes the Strobila stage (Fig. 46). 
;, the disks separate, the upper one becomes detached 

the other disks swims away in the Ephyra form 

(Big. 47), when about a fifth of an inch in diameter, and 
toward the middle or end of summer becomes an adult 


| 


48). 
the Aurelia has lasso-cells it is not poisonous to 
Lethers Not so, however, with the gigantic Cyanea arctica, 
whose long tentacles are poisonons ; fishermen as well as 

often annoyed by them. This giant jelly-fish 
_ sometimes attains adiameter of from three to five fect acrosa 
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the disk, though it is produced from a Scyphistoma not 
more than half an inch in height. Pelagia campanelia and 
a few other forms do not undergo this metamorphosis, but 
grow dircetly from the eggs. 

Various boarders or commensals—viz., temporary non- 
attached parasites—live in or under the month-cavity or be- 
tween the four tentacles of the larger Acalephs, Such is the 
little Amphipod Crustacean, Ayperia, which lives within 
the mouth, while small fishes, such as the butter-fish, swim 
under the umbrella of the larger jelly-fishes, Cyanea, ete., for 
shelter and protection. Besides small animals of various 
classes, the larger jelly-fishes kill by means of their nettling 
organs snall cuttle-fishes and true fishes, the animals being 
paralyzed by the pricks of the minute barbed darts. 

Order 3. Siphonophora.—These are so-called compound 
Hydroids, living in free-swimming colonies, consisting of 
polymorphic individuals, or, more properly speaking, zooids 
—that is, orguns with a strongly marked individuality, lmt 
all more or less dependent on each other. A Siphonophore, 
such as Physalia, for example, may be compared to a so- 
called colony of Hydractinia, in which there are nutritive 
and reproductive zooids and medusa-buds, In Physalia 
there are four kinds of zooids—i.¢. (1) locomotive, and (2) 
reproductive, with (3) barren medusa-buds (in which tho 
proboscis is wanting), which, by their contractions and 
dilatations, impel the free-swimming animal through the 
water ; in addition, there ure (4) the feeders, a set of di- 
gestive tubes which nourish the entire colony, ‘There are 
numerous genera and species (one hundred and twenty are 
known), whose structure is more or less complicated and 
difficult to understand without many figures and labored 
descriptions. We will select az 4 type of the order our 
Physalia Arethusa of Tilesius, or Portuguese man-of-war 
(Fig. 49), which is sometimes borne by the Gulf Stream as 
far north as Sublo Island, Nora Scotia. It is excessively 
poisonous to the touch, and in guthoring specimens on the 
shores of the Florida reefs we have unwittingly been stung 
by nearly dead, stranded individuals, whose sting burns like 
condenzed fire and leaves a severe and lasting smart. 
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The colony or aera of the Portuguese man-of-war 
of long locomotive tentacles, which, when the ani- 
is driven by its broad sail or float before the wind, 
ont in large individuals from thirty to fifty feet. 

lydra-like zooids are arranged in emall groups, 


mon hollow stem, also communi- 

eating with the chymiferous or 

body-cayity. L. Agassiz, whose 

description of this animal we are 

condensing, states that he has 

seen these feeders ‘‘ gorged with 

food almost to bursting,”’ but has 

never seen undigested food in 

any of the other organs. The 

medusa-buds (gonophores) arise 

feom a third set of very small 

Hydras, but form very large clus- 

ters suspended between the clus- 

ters of feeders. These reproduc- 

tive zooids resemble the locomo- 

tive zoids, but, like the feeders, 

have no tentacles. The medusa- 

buds, which are male or female, 

arise singly, either from the baso 

of the reproductive zooids or 

from the stems witich unite the Fis, .syille, ye forse 

latter. ‘These buds, as in Tudu- 

laria, wither without dropping from their parent stock. It 
, then, that the floating hydrosome of a Siphon- 

ophore is like that of the fixed Hydractinra or Coryne, with 

the addition of locomotive zooids and a float, as seen in 

Physalia, Velella, or the swimming-bells of Halistemma. 
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‘The Siphonophores, as observed in Agalma, Epibulia, 
is, and other forms, arise from eggs which 

through a morula, planula, and gastrula stage. The further 
development of Agalmopsis elegans, a Siphonophore native 
to the shores of New England, has been described by A. 
Agassiz us follows: In the earliest stage noticed the young 
looked like an oblong oil-bubble, with a simple digestive 
cavity. Soon between the oil-bubble and the cavity arise a 
number of medusa-bnds, though without any proboscis 
({manubrium), since the medusa-buds are destined to form 
tho “ swimming-bells,”’ which take in and reject the water, 
thus forcing the entire animal onward. After these swim- 
ming-bells begin to form, these kinds of Hydra-like zooids 
arise. In one set the Hydra is open-mouthed, and is, in 
fact, a digestive tube ; its gastro-vasoular cavity connecting 
with that of the stem, and thus the food taken in is cireu- 
Iated throughout the community. ‘These are the so-called 
* feeders.”” The seoond set of Hydras differ only from the 
foeders in having shorter tentacles twisted like a corkscrew. 
In the third and last set of Hydras the mouth is closed, and 
they differ from the others in having a single tentacle in- 
stead of a cluster. Their function has not yet been clearly 
explained. New zooids grow out until a long chain of 
thom is formed, which moves gracefully through the water, 
with the float uppermost. 

All the Hydroids in their free stute as medusw are more or 
less phosphorescent, and as much or more so after death, 
whon their bodies become broken up, and the scattered frag- 
ments light up the waves whenever the surface of the ocean 
is agitated. From this cause the sea is especially phosphor- 
escent in August and September, when the jelly-fishes are 
dying and disintegrating. "These creatures serve as food for 
the whalobone whalos, which swallow them by shoals. 

"Tho smaller species are abundant in the cireumpolar seas, 
while in tho tropics the Siphonophores are especially nu- 
merous, none occurring in the Arctic regions. The Hy- 
‘roids are widely distributed, » species of Campanularia be- 
“seis to the Arctic and Antarctic seas. The species 

‘ 7 on the New England coast are in many cases 
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found in Northern Europe, being cireumpolar in their range, 
A distinct assemblage of Sertularians, characterized by the 
large number of species of Plumularia, inhabits the Florida 
seus down to a depth of five hundred fathoms. Among 
the Discophora the Lucernarie are arctic as well as temper- 
ate forms, while Cyanea is peculiar to the Northern Hemi- 
sphere. Aurelia and Pelagia are cosmopolites, while Rhaco- 
pilus, Placois, and Lobocrocis are peculiar to the Sonthern 
Hemisphere. The larger number of species are tropical and 
sub-tropical. As regards their bathymetrical distribution, 
while several species extend to the depth of five hundred 
fathoms, Monocanlus flourishes in gigantic proportions at 
the enormous depth of four miles. 

The range in geological time of the Discophora extends 
to the Jurassic period (middle Oolitic), large species of jelly- 
fishes occurring in the Solenhofen slates, The genus Hy- 
dractinia first appeared in the Cretaceous period. Grapto- 
lites were common in the shales of the Potsdam period, so 
that if Graptolites are Acalephs, the latter are probably us 
old a type as any, being contemporaneous with trilobites, 
brachiopods, mollusks, worms and sponges. 


Cuass L—THE HYDROZOA, 


Body in ite simplest form a sac attacked by the aboral end, composed of 
ere celllayers, with a mouth and gaatro-cascular cavity, and in all cases, 
except Protohydra, provided with tentacles, which are hollow, forming con- 
finuations of the body cacity. The body (hydrosome) usually differentiated 
tate teeo sorte of sonide, nutritive (polypites) and reproductive (gonosomes), 
connected by a common stem or nutritive canal (erncsarc), the gonosomes 
produciig medusa-busis (gonophores), which on being et free are calied me- 
oN ep pep needled Tn these medusa the body is disk 
or bell-shaped, the Jelly-like parenchymatous substance composing the disk 
constituting he mesoderm. From the gastro-cascular cavity four primary 
gastro-rarcular conals radiate and anastomose with a marginal cirenter 
canal, No distinet organa of circulation, the Wood being sea-rater con- 
taining the chyme and a fio colorless lood-corpuscles. A true nervous 
ayatem rarely present, but when developed in certain medesoide, forming « 


* Agueniz saw neg acme rae tod to Hydractinia, a gonoptiore which had. 
cp ee apolypite or hydra, and ite body elongating. 
fewescie altmar ob Pinas Gbeerved the eran thing ts Cordylophors 
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around the dik, and with ganglia near the sense-organs. In 
is represented by nerco-musele celle; sense- 

present, repreasnted by simple eyes and auditory vesicles 
two not wewally eoensting. Netling organs (nematocyrta) 


united, waualdy distinct, Often a high degree of poly 
individual hydrosome, the animal being differentiated not 

and gonosomes, but, in the Jree-noimming forma, into 
Reproduction takes place by budding, and by fertilized 

glands attached to or dependent from the primary ra~ 

The npecies undergo either a slight or marked metamar- 

the free gonophores being meduan (or medusoids), which produce 


. goatrula, planula, acyphistoma, strodila, and adult medusa, 
repreeenting distinet stages of growth. 

zoolds, as in Protolydra and Hydra, 
tive and reproductive zooids forming a compound, station 
ary, Weanching, moss-like body (hydrosome), the medust- 
buds remaining on the gonosomes or becoming free meduse, 
with usually four simple mdiating canals, a velum, manu- 
brium, and naked eyes. Hydrosome either naked or as in 
Sertularia, etc., protected by a horny sheath, or forming, as 
in Millepora and Heliotites, a massive corallum, Suborder 1. 
‘Tubularie (Hydra, Clava, Hydractinia, Millepora,Tubularia). 
Suborder 2, Campanularie (Plumularia, Dynamena, Cam- 
panvlaria, Aquorea, Zygodactyla). 


Order 2, Diseophora.—Medusm like those of the Hydroids, but with 
the four primary mdinting canals usually subdividing into 
numerous branches, the eyes more or less covered by a flap; 
the velum often sbsent; often four genital pouches, dis- 
charging eggs into the gastro-vascular cavity ; usually of 
lunge size, and developing cither directly from eggs, or, a8 
Ja Aurelés, passing through a gastrula, and 
strobila stage, not being developed from a hydra-tike poly- 
pite. Subonter 1. Trackymeduer (Aigina, Cunina, Gery- 
onin, Charybdera), Subonter 2, Lucernaria (Lucernaria). 
sates 8. Acalepha (Pelagia, Cyanca, Aurelia, Rhizos- 
toma) 


Onter &. Siphonephora.— Free-swimming. polymorphic hydrosomes, 
with nutritive, feeding, reproductive and locomotive zoolds, 
Suborder 1, Pigwphore (Agalma). 2 Physaiée (Physalia), 
3. Galyrophore (Diphyes) 4. Discoideer (Veletla, Porpita). 
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Nore.—Stephanocyphus mirabilis Allman is the type of a new order 
of Hydrozoa called by Allman Thecomeduse. The animal permeates 
and is parasitic in sponges. Although a Hydrozoan, it is not a 
Hydroid, and cannot be referred to any of the existing orders of the 
Hydrozoa. The chitinous tubes which permeate the sponge-tissue are 
united toward the base of the sponge, und constitute a colony of zooids. 
In many respects it is said to resemble the Campanwlaria. 


‘View oF THE CLAssiFICATION oF THE HyDROzOA. 





(Phyralia.) 
(Anretia.)” 
Mlydroidea. 
(Hydea.) 
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| 
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Laboratory Work.—The common Hydroids, such as Coryne, Sertu- 
laria, etc., may be collected from sea weeds or the piles of wharves 
between tide-marks, while the meduse may be obtained by the 
hand-net, or tow-net from a boat. The meduse especially abound 
in eddies off points of land where different currents of the sea meet. 
‘Towing is most effectively pursued after sunset and early in the even- 
ing, when the sca is calm, and the jelly-fish swim near the surface. 
‘They should be placed in the jars by inverting the net in the water of 
the jar, and examined at once, as many will have perished by the next 
morning. Jelly-fish can also be reared in roomy aquaria, in which 
plenty of air is introduced by running water. 

The larger meduse, such as Aurelia and Cyanea, should be sliced 
in sections in order to study their gross anatomy, and portions snipped 
off with scissors to be examined with the microscope. The animals of 
Sertularians, Coryne, ctc., can be studied alive in animalcule-boxes 
and growing-cclls. The coral stock of Millepora was examined by 
Moseley in ground sections. ‘“* Portions of the living coral were placed 
in absolute alcohol, chromic acid, and glycerine ; portions were further 
treated with osmic acid and transferred to glycerine or absolute alcohol. 
Fragments of the hardened coral were afterward decalcified with 
hydrochloric acid, and the residual soft structures were either mounted 
entire for examination, or cut in the usual manner into fine vertical 
and horizontal sections, which were then stained with carmine or 
magenta. The specimens hardened in osmic acid, and decalcified after 
subsequent immersion in absolute alcohol, yielded the best histological 
results."” 
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While the jeNly-fishes shoud be studied alive, the langer amex ean he 
preserved in alcohol, after being killed by the gradual addition of 
alcohol to the sea-water in which they are living. The small modnam, 
ns well as Noeliueo and the Ctenophores, have been preserved with suc- 
cess by E. Van Beneden, by the use of a solution of osmic acid or of 

acid. Osmic acid hardens the tissucs so that fine sections can 
be made, and it colors black the greasy matters, and especially mycline, 
a chemical substance usually found in the nervous system, and enables 
‘us to trace well the limits of the cells, The small jelly-fishes may he 
placed in a very weak solution of oamic acid (} to ay per cent. of 
water) varying with the size of the animal, for from fifteen to twenty- 
five minutes, when the animal turns browp, This brings out clearly 
the gastro-vaseular canals, The specimen can then be placed in strong 
alcohol, without Josing its form and transparence. ‘These animals and 
‘all other transparent animals esn be well kept in a concentrated, watery 
solution of pieric acid. Professor Semper tells us that all soft animals, 
worms as well as bydroids and polyps and mollusks, may be killed ex~ 
panded in chromic acid (14 per cent), or in acetic acid of variable 
strength, and then preserved in alcohol, 


Oxass I,.—Tne Actinozoa (Sa-Anemones and Coral 
Polyps). 


General Characters of Actinozoans.—So persistent is the 
form and structure of the body in these animals, that a 
study of the common sea-anemone will enable the student 
to readily comprehend the leading and most fundamental 
characteristics of the class. 

The common Actinia of our coast (Mefridinm marginatum) 
is to be found between tide-marks on rocks under sea-weeds, 
or in tidal pools, but grows most luxuriantly on the piles of 
bridges. It readily lives in aquaria, where its habits may 
be studied, An aquarium may be improvised by using a 
preserve-jar or glass globe, covering the bottom with sand, 
with a large flat stone for the attachment of the sea-ane- 
mone. By placing a green sea-weed (ulva) attached to a 
stone in the jar, and filling it with sea-water, the animal 
may be kept alive a long time. After obsorving the moye- 
ments of the crown of tentaclos os thoy are thrnat ont or 





 — 
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‘withdrawn, specimens may be killed expanded by the grad- 
See cine fresh water, or by plunging them into 
acid. They should then be transferred to the atrong- 
est alcohol, and. allowed to soak in it for two or three days 
until the tissues become hard enough to cut well. Then 
vertical and transverse sections may be made with a sharp 
‘knife. The first fact to observe is, that an alimentary canal 
is wuch more clearly indicated than in the Hydrozoa, there 
being a distinct digestive sac, separate from the body-walls, 
hanging suspended from the mouth-opening, and held in 
place by six partitions or sopta (mesentorics), which divide 
the body-cavity into a number of chambers. The digestive 
sac is not closed, but is open at the bottom of the body, 
directly with the chambers, so that the chyme, 

or product of digestion, passes down to the floor of the 
body, and then into each of the chambers; thus, by the 
movements of the cilia lining the body-cavity, the chyme, 
mixed with the blood, is distributed throughout the body ; 
this rade mode of circulation being the only means of dis- 
tribution of the nourishment contained in the circulating 
fluid, there being no distinct canals, as in the Hydrotoa. 
‘These mesenteries may be best studied in a cross-section of 
the animal after being hardened. It will be found that 
there are six pairs of complete or primary septa or partitions 
(mesenteries) which hold the stomach in place, and a num- 
ber of pairs of shorter ones of unequal length between the 
complete ones, There are never less than twelve of the 
secondary partitions, even in the yonng, and when more 
numerous they occur in multiples of six (Clark). On the 
free edges of these shorter mesenteries, which do not extend 
ont to the stomach, there is a mass of long coiled filaments, 
the mesenterial filaments (craspeda, Fig. 50, cr), which con- 
tain Insso-colls, situated in a peripheral layer, while the fila- 
ment is hollow and contains gnanin. In dissecting the 
‘fea-anemone these mesenterial filaments are always more 
or, Josa:in the way, and have to be carefully removed 80 as to 
the ovaries and adjoining parts. ‘They press out of 

the mouth and the cinclides (small openings through the 
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body-walls), not always present, and end of the tentacles, 
and thus come in contact with animals forming their food. 
The ovaries and spermaries can be distinguished by their 
forming masses of closely convoluted tubes much thicker 
than the mesenterial filaments, and situated on the outside 
next to the free edge of each mesentery ; they are also of a 
pale lilac tint in Metridium marginatum (Vig. 50, 0). They 
are not easily distinguishable from each other by the naked 
eye. The figure shows at the base of the body the free 
edges of the mesenteries (m) of different heights, with the 
spaces between them through which the chyme passes into 
the body-cavity. For the com- 
plete passage of the circulating 
fluid the six primary mesenteries 
are perforated by a large orifice 
(op) more or less oval or kidney- 
shaped in outline (Fig. 0). The 
Gigestive sac is divided into two 
divisions, the mouth and stomach 
propor, the latter when the ani- 
mal is contracted being much 
shortened, and with the walls 
vertically folded, as seen in the 

ent. 
Tn the tentacles are lodged the 
som lasso-cells or nematocysts, and 
ny ‘3 
oe vepta—Denwn oy J f pathrmrmarlinitiaeriy 2 

under tho wathor's 

ber or space between the mesen- 
teries, and are open at the end. When a passing shrimp, 
small fish, or worm comes in contact with these tentacles, 
the lasso-cells are thrown out, the victim is paralyzed, other 
tentacles assist in dragging it into the distensible mouth, 
where it is partly digested, and the process is completed in 
the second or lower division of tho digestive canal, The 
bones, shells, or hard tegament of the animals which may 
be swallowed by the Actinia are rejected from the month 
after the soft parts ure digested. Pigment-cells, which are 
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mouth, is found in their midst in euch a way that its two 
ends have a tentacle opposite each, and the other four dis- 
posed two on one side and two on the other, Within, the 
organs arise at points corresponding to the position of those 
outside. The semi-partitions, twelve in number, begin ag 
mere ridges, which extend in pairs from the anterior end of 
the stomach along the oral wall toward its border.’’ Adult 
Actiniw sometimes, though rarely, subdivide longitudinally, 
but it is not uncommonly observed in the corals, in which 
cases only the heads and stomachs divide, the general cay- 
ity remaining common to the two. 

The development of Actinia mesembryanthemum has been 
traced by Lacaze-Duthiers. The young Actinia attains 
maturity without any metamorphosis. The egg is supposed 
to undergo segmentation within the ovary. In the state in 
which the embryo was observed by Lacaxe-Duthiers it was 
oval and surrounded by a dense coat of transparent conical 

spinules. Soon the two primitive germi- 

nal layers (ectoderm and endoderm) 

were observed. Two lobes next appear: 

within the body; these subdivide into 

four, cight, and finally twelve primitive 

lobes. ‘This stage is represented by the 

corresponding stage of the coral (Fig. 55, 

B). Not until after the twelve primitive 

lobes are fully formed do the tentacles 

begin to make their appearance. When 

‘use. the first twelve tentacles have grown out, 

Jon’ twonty-four more arise, and so on, until 

with its increasing size the Actinia is 

provided with the fall number peculiar to cach species. 
Taoare-Duthiors observed the same changes in two species 
of Sagartia, and in Bunodes gommacea. Fig. 51 represents 
the ciliated gustrula of an unknown polyp allied toXalliphobde. 
While Metridium and Benores are types of the ordinary 
form of Actinoids, certain forms, like Haleampa producta 
Stimpeon (Pig. 52), are quite long and live fixed in the 
mud or mand. Allied to Haleampa is Kdwardsia, which 
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lives in deeper water. Its young, however, is at an early 
stuge of its existence » free-swimming polyp, which was 
originally described as an adult animal under the name of 
Arachnactis. In Zoanthus the tegument is tough and 
leathery, and the different polyps are con- 
nected by stolons. Kpitoanthus americanus 
Verrill lives in deep water, off the coast of 
New Jersey and Southern New England, in 
about twenty fathoms. Corianthus, a gigantic 
form, s native species of which (C. borealis 
Verrill) lives at the depth of one hundred 
fathoms in the Gulf of Maine deeply sunken 
in the mud, where it secretes a shiny leathery 
tube, is perforated at the end of the body; 
the young of a corresponding European 
ies is also free-swimming, like the young 
wardsin, 
The coral polyps differ from the Actinoids 
in secreting in the mesoderm a limestone 
base, from which arise in the Zountharian 
corals stony septa serving as a support to the 
animal ; these septa are deposited or secreted 
in the chambers, so that in the coral polyp 
there aro soft partitions alternating with the 
limestone ones, the latter formed at the baze rele 
Eso PelyP» aa All abd filling the inter- campa_producta. 
Order 1. Zoantharia.—We will now enumerate some of 
the leading forms of the first order of Anthozoa, the Zoan- 
tharia, to which the sen-anemones and most of the stony 
corals belong. The group is called by some recent authors 
Hexacoralia, the number of primary chambers and tenta- 
cles being six, the latter rounded, conical, or filiform. In 
the simple cup-shaped corals, as Delfocyathus and Caryo- 
phylia, the coral forms a cup or theca, the lamelle which 
arice from the base terminate in as many septa, the spaces 
between which are termed Joen/i. A central pillar or col- 
umn formed by the union of the septs, or arising indepen- 
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dently, is called the columedia, while the small separate pillars 
between the columella and the septa are termod palwii. In 
the compound or tree-liko corals, each young coral polyp 
forms a calicle, theca, or limestone support of its own, which 
unites with the other by calcification of the connecting sub- 
stance of the common body. This intermediate layer is 
termed crenenchyma (Huxley). m 

‘The simpler corals consist of but a single calicle contain- 
ing one polyp, as in Fladellum, Deltocyathus, and Caryo- 
phyllia, They livo free, fixed in the mud in deep water, 
and occur in water with « temperature of about 32° Fabry 
Flabollum angulare Moseley has been dredged off Nova 
Scotia in 1250 fathoms. 

thus Agassizii, which is not uncommon in tho 
Florida channel, at depths varying from sixty to three han- 
dred and twenty-seven fathoms, has been dredged by us atthe 
mouth of Massachusetts Bay, in one handred and forty fath- 
coms (temperature 39° to 42° Fahr.), An allied form is 
Ulocgathus arcticus Sars, said by Duncan to be the same as 
Flabelium laciniation Edwards and Haime, a fossil of the 
late tertiary, dredged by us in one hundred and fifty fath- 
oms, near St. George's Banks, Gulf of Maine, 

Tn the family of which Oculina, the eyo-coral, is a typo, 
the polyp stock is compound, branched, increasing by lat- 
eral buds, Lophohelia prolifera Pallas (Fig. 53) 
in the seas of Norway, and has likewise been found to ocenr 
on the banks off Nova Scotia and Newfoundland, while it 
lives in the Florida Straits, in from 195 to 315 fathoms, 

In Maandrina, or the brain-coral, Fuvia, Astrea and As- 
trangia, we have representatives of the important group 
Aatraacea, in which the corallum is massive, more or less 
hemispherical, and the polyp-colls or culiclos are distinetly 
lamollo-radiate within, and generally so without. Budding 
is usually carried on by division of the disks, or by spon- 
tancous fission. In Mussa the polyps aro sometimes two 
inches in breadth, as large as ordinary Actiniw, Diploria 
cerebriformis KAwards anc Haime is a bniin-coral which is 
common in the West Indies and at the Bermudas, some- 
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This coral ranges as far north as Nantacket and Buzzard’s 
Bay. In the mushroom corals, Mungia, the large corallum 
is the secretion of asingle polyp which may bea foot in 
length. Large branching corals abound on the reefs of 
Florida, the most abundant of which grows nearly two feet 
high and branches out like the horns of a deer. Such is 
Madrepora cervicornis Lamarck. 
While sgamogenesis or alternation of generations is rare 
among the Actinozoa, Semper has observed two species of 
in which he considers to reproduce in this way. The 
corals “‘ bud out from a branched stem, and then become 
dotached and freo, as is the habit of the genus.” Moseley 


Pig. hh —Ceorel polyp (tstroider enlyewaris) expanded. —From Tenney's Zoctogy, 


also describes a similar case of production of three or four 
generations in a Tahitan species of Mungia, 

As a good example of the mode of development of one of 
the suborder Madreporaria, we will, with Lacaze-Duthiers, 
study the development of Asfroides calycularia Pallas. 
The period of reproduction takes place between the end of 
May and July, the young developing most actively at the 
end of June, Unlike Actinia, which is always hermaphro- 
ditic, this ‘coral is rarely so, but the polyps of different 
branches belong to different sexes. 

Asin the other polyps, including Actinia, the eggs and 
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The tentacles next arise, being the elongation of the 
chambers between the partitions, six larger and elevated, 
six smaller and depressed (Fig. 55, D). Tho definitive form 
of the coral polyp is now assumed, and in the Astroides it 
becomes a compound polypary. 

There are but few facts regarding the rate of growth of 
corals. Pourtales states that a specimen of Meandrina 
labyrinthica, measuring 2 foot in diameter and four inches 
thick in the most convex part, was taken from a block of 
concrete at Fort Jefferson, Tortugas, which had been in the 
water only twenty years. Major B. B. Hunt caloulated 
that the average growth of a Mmandrina observed by him 
at Key West was half an inch a year. From the observa- 
tions and specimens collected by Mr. J. A. Whipple, as 
stated by Verrill, a Madrepora found growing on the wreck 

of the Severn grew 


> to a height of sixteen 


= - feet in sixty-four 
/ years, or at the rate 
} of three inches a 
year. 
‘The group Rugosa 
of Milne-Edwards 


Te Anhotwitia paradors : Boxestical ree and Haime contains 

a large namber of 
palwozoic corals, which are mainly characterized by having 
four primary septa, the number in most living corals being 
six ; and ulso by intracalicinal gemmation, which also occurs 
in a few Caryophyllids and Ocnlinids. 

Pourtales has doubtfally referred to this group his Haplo- 
phyllia paradoza (Fig. 56) which inhabits the Florida 
Straits at a depth of over three hundred fathoms. The 
nearest known fossil ally of this interesting coral is Calo- 
phyllum profundum Germ., which is fossil in the Dyas for- 
mation. Duncan describes Guynia annulata, another deep- 
sea coral, as a recent Rugose tetrameral coral. Moseley 
suggests from a study of Heliopora, together with Crypto- 
Aelia and other Stylasterida, that ‘ the marked tetrameral 
arrangement of the sopta in Rugosa, and the presence in 


Pig. %.- 
ton; 6, cal 
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Silurian Heliolites, form, according to Moseley, a new 
family of Aloyonarians in which the corallam consists of an 
abundant tubular conenchym, with calicles having an 
irregular number of pseudo-septa, which do not, however, 
correspond with the membranous mesenteries. The polyps 
are completely retractile, with the tentacles when retracted 
introverted. The mouths of the sacs lining the comenchy- 
mal tubes are closed with a layer of soft tissue, but com- 
municate with one another and with the calicular cavities 
by aaystem of transverse canals (Moseley), Heliopora ceru- 
lea grows on coral reefs ut tho Philippine Islands and at 
Singapore. 

In the family of sea-fans (Gorgonid@) the coral-stock is 
horny or calcareous, branching tree-like, or forming a flat 
network. ‘The short calicles of the single retractile polyps 
stand perpendicularly to the axis, communicating by longi- 
tudinal vessels and branching canals. Gorgonia (Rhipigor- 
gia) flabellum Linn. ia red or yellow and abundant on the 
Florida reefa. In the Aretic seas and the deeper, colder 
waters of the Newfonodland Banks and St. George's Banks, 
Primnoa reseda (Pallas) and Paragorgia arborea (Linn.) 
grow; tho latter being of great size, the stem as thick 
through as one’s wrist, and the whole corallum over five feet 
in height. 

Tn the family of sea-pens (Pennatnlida) the polyp-stock 
is free, growing in the sand or mad, usually with a bony 
axis supporting the polyps, and capable of moving at the 
base, In Pennatula, or the sea-pen, there are secondary 
brinches in which the polyps are situated ; this polyp is 
phosphorescent ; one species (P. acleata Danielssen) lives 
in deep water. An Arctic form, Umbellularia groentandica, 
is a gigantic form, growing about four feot high, in from 
three hundred to two thousand fathoms. The species of 
Renilla are kidney-shaped, with the polyps placed on one 
side. Renilla reniformis Cuvier is a rich purple species, 
occurring in the sand at Charleston, S.C. According to 
Agassiz, this animal is remarkably phosphorescent, omitting 
“a golden green light of a most wonderfal softness.”” 

While coral reefs are in part composed of Alcyonarians, 
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at the former level of the ses. Where the island has sunk to 
the level of the water-line Il, the reef appears at the sur- 
face us at bf, bf. There is now a fringing and a barrier 
reef, with a narrow canal between them ; 2’ is a section of 
the barrier reef, e’ of the canal or lagoon, and f’ of the 
fringing reef. After a farther submergence to the sea-level 
TI, the canal e” becomes much wider. On one side (f/f) 
the reef is present, on the other side it has disappeared, ow- 
ing to the agency of ocean-currents. Finally, at the water- 
level IV, there are two small islands surrounded by a wide 
lagoon, with two reof-islets i", #", resting upon two sub. 
marine peaks. The coral reef has now grown to great di- 
mensions, and covered almost the entire original island, 
and though the reef-building coral polyps cannot live below 

















big. W.—Hohemutic section of wn Island with reefs. 


4 point fifteen or twenty fathoms below the surface, yet ow- 
ing to the slow sinking of the island, they build up the 
reef as rapidly as the former subsides, and in this way after 
many centuries a coral reef sometimes two thousand feet 
thick may be built up in mid-ocean, 

Coral reefs are mainly confined to the Western and Cen- 
tral Pacific and the Indian Oceans, and to the Caribbean 
Sea. None occur on the west coaat of North America or of 
Africa, and only limited patches on the eastern coast of 
Sonth America, There were paleozoic reefs, such aa the 
fossil coral reef extending across the Ohio River at Louis- 
ville. 





| 
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Crass III.—Crexornona (Comd-dearers). 


General Characters of Ctenophores.—T hose beautiful an- 
imals derive their name Ctenophora, or “ comb-bearers,”” 
from the vertical rows of comb-like paddles (ctenophores) 
situated on meridional bands of muscles which serve as lo- 
comotive organs, the body not contracting and dilating as 
in the true jelly-fishes. In their organization they are 
more complicated than the Actinozoa, as they have a true 
digestive cavity passing through the body-cavity, with two 

posterior outlets (it will be remembered 

A that Cerianthus has one at the end of 
the body). From this alimentary canal 

are sent off chymiferous or water-vaseu- 

lar canals (Fig. 61) which correspond in 

their mode of origin with the water- 

tubes of the Echinoderms, As regards 

the rows of paddles, euch vertical row 

consists of a great number of isolated, 

transverse, comb-like fringes placed one 

above the other, and movable, cither 

isolately or in regular succession or 

simultaneously (Agussiz), As these rows 

of paddles are connected for their whole 

length with a chymiferous tube, they 

Sb aid in respiration, These ani- 

mals also stand much higher in the scale 

of life than the other Caslenterates by 

being more truly bilateral, the radial 

symmetry so marked in the Actinia or 

in the jelly-fish being in these animals less apparent, as the 
parts are developed on opposite sides of a median plane, 
The nervous system, a8 originally described by Grant, con- 
sists of a ganglion situated at the aboral end (end opposite 
to the mouth) of the Plewrodrachia, from which, among 
other nerves, eight principal ones are distributed to the 
eight rows of paddies, A nerve also proceeds to the so- 
called otolitic sac (lithocyst) seated upon the ganglion. 
Eimer has lately shown that the nervous system of the 
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‘water-vascular tubes, and are developed locally, asin Cestum, 
or along the whole length of the tubes, the sexually-differ- 
ent glands being placed in Beroé and allies on opposite 
sides of the tube. 

When ripe the eggs pass into the perivisceral space, and 
finally pass out through the openings of the body. The 
eggs of Pleurobrachia escape singly; in Bolina they are 
laid in strings, while those of Idyia are deposited in « thick 
slimy mass. ‘They spawn late in the summer and in the 
autumn. The young develop in the autumn, becoming 
nearly mature in the following spring. Development is di- 
rect, the young hatching nearly with the form of the adult, 
there being no metamorphosis. 

‘The species are widely distributed, a number being com- 
mon to both sides of the Atlantic, and the same species, ap- 
parently, of Pleurobrachia and IJdyia occur on the east 
west coast of North America. The most widely distributed. 
forms are the Beroids. While the genus Mertensia i 


tirely arctic, the larger number of species are either troy 
cal or subtropical. The classification of the group is shown 
in the following summary, 


Otass IL —CTENOPHORA. 


Spherical or oval, somewhat bilateral, scarcely radiated animals, with 
jelly-like, transparent bodies The digestive tract opena at the posterior 
‘end into the perieinceral cavity ; from the canal pase off eight water-cas- 
cular twhes, which are in close relation with eight vertical meridional serica 
of comb-like locomotive organs, Usually a pair of tentacles, which may 
become withdrawn into sace, and are provided with thickset (csso-cells on 
the tentacular fringes. Nereoua apstem consisting of an aboral ganglion, 
sending off eight nereous filaments to cach of the eight rows of yaddles, 
The sexwal glands seated in the sume individwat, No metamorphows, 
the young when hatehed resembling the adult, 


Order 1. peng eens with & large mouth and eapacious 
stomach, The water-vascular tubes connected with the 
etenophores, and forming numerous ramifications, commn- 
nicsting by means of a circular canal near the mouth 

(Berot, Tdyin), 
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Order 2, Saccate.—Body more or less spherical, with two long tenta- 


cles capable of being wholly retracted in a sac (Pleuro- 
Drachia). 


Order 8. Teniata.—Body ribbon-like, being very much compressed in 
the direction of the lateral diameter (Cestum). 


Order 4, Lobate.—Body lateral, compressed, bilobed (Bolina). 


‘Virw OF THE CLASSIFICATION OF THE CTENOPHORA, 


Lobata, 
(Bolina,) 
Taniata. 
(Cestum.) 
ee 
idyia.) 
eee ae! | 
I 
CreNornona. 


Work.—The Ctenophore should be studied while alive. 
‘They may be collected with a drag or tow-net from a boat when the 
surface of the ocean is calm. For studying the fine anatomy and 


tissues they should be treated by the same methods as the smaller jelly- 
fishes, 





CHAPTER IV. 


BRANCH TV.—ECHINODERMATA (Srar-risu, Sra- 
crcntns, SEA-cucUmBERs, ETc.) 


General Characters of Echinoderms.—We now come to 
animals of much more complicated structure than any of 
the foregoing branches, and in which tho radiated arrange- 
ment of the parts of the body is in most cases as marked 
as the jointed or ringed structure of worms or insects ; for 
not only are the body-walls of the star-fish or sea-urchin, or 
even many of the Holothurians (thongh less plainly), di- 
vided into five wedge-shaped portions (spheromeres), or pro- 
duced into five arms as in the common star-fish or five- 
finger, but the nervous system, the reproductive organs, 
the blood and water-vascular systems, and the locomotive 
appendages of the latter, are usually arranged in accordance 
with the externally radiated form of the body. Still these 
animals are in many cases, as in tho higher sea-urchins, 
plainly bilateral, while in the larval forms of all Echino- 
dorms whose development is known the young are not 
radiated, but more or less bilateral, asin the larve of worms 
and mollusks. The most trenchant character, however, 
separating the Echinoderms from the Colenterates, and ally- 
ing them to the worms, is the genuine tube-like digestive 
canal which tics free in the body-cavity (perivisceral cavity), 
and may be several or many times the length of the body. 

‘The student can gain a correct idea of the general struc- 
ture of the Echinoderms from a carefal examination of the 
common star-tish (Asferias vulgaris Stimpson), which is the 
Most common and accessible Echinoderm to be found on the 
New England shores. After placing a star-fish in some sea- 
water and noticing its motions, the thrusting ont of the am- 
bulacral feet or suckers by which it pulls or warps its clumsy 
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a nervous cord to the eye at the end of the ray. It may be 
discovered by pressing apart the ambulacral feet along the 
median line of each arm. Fine nerves are sent off to each 
sucker, passing through the opening between the calcareous 
plates and extending to each ampulla, thus controlling the 
moyements of the ambulacral feet. 


Tho mouth (Fig. 62, m) is capacious, opening by a short 


esophagus into a capacions stomach (Fig. 62, s) with thin 
distensible walls, and sending « long lobe or aac (Fig. 62, /) 
into the base of each arm ; each sac is bound down by two 
retractor muscles attached to the median ridge lying he- 
tween the two rows of water-sacs (ampull, see also Fig. 63). 


: velen fe er OUA 
| rachel as athbatnceal val ral 
eee dora meh eo AL phe EE ieee 


The stomach ends in a short intestine, the limits between 
the two not distinctly seen. The intestine suddenly con- 
tracts and ends in a minute rectum situated in an angle 
between two of five fleshy ridges radiating from the centre 
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it is conveyed to each water-sac or ampulla (Fig. 62, am). 
‘These poar-shaped water-sucs, when contracted, are supposed 
to press the water into the long slender suckers or ambulacral 
foot, which are distended, elongated, and by a sucker-like ar- 
rangement at the end of the prehensile foot act in conjunc- 
tion with the others to warp or pull the star-fish ulong. 
Besides locomotion the ambulacral fect serve for respiration 
and perception (Simroth). Hoffman shows that the feet 
of the sea-urchins can be projected or thrust out without 
‘the aid of the ampulle, 

It will thus be seen that the water-vascular system in the 
star-fish is in its functions partly respiratory and partly 
locomotive, while it is in connection with the vascular sys- 
tem, and thus partly aids in circulating the blood and 
chyle. 

Of the true vascular or blood system the student can ordi- 
narily only discover one portion, the so-called ‘* heart ’’ or 
** pulsating vessel,” which we may call the hemal canal (Fig. 
62 A), and which runs parallel to the stone-canal from the 
madreporic body to near the ring-canal.* It is nearly as 
large as the stone-canal, slightly sinuous, muscular, and with 
the latter is surrounded by « loose investing membrane like 
# pericardium. Some observers deny the existenco of a vas 
cular (sometimes called “* pseudohwmal '’) system, but it has 
been recently studied by Hoffman and subsequently by Teu- 
scher, who maintains that in all Echinoderms there are two 
aystems of blood-vessele, which belong, one to the viscera and. 
the other to the nervous system, forming an oral or nervous 
ring and an anal ring. The two rings are in direct com- 
munication in the star-fishes, Ophiurans and sea-urchins, 
but not in the Holothurians. The radial nerves are ac- 
companied by « vessel which subdivides and distributes 
branches to the ambulacral feet in star-fishes, Echini, and 
Holothurians. Teuscher considers that the “ heart’? found 
in the star-fishes and Echini connecting the wmsophageal (or 
nerve-ring) and anal ring, is neither a gland nor a pulsating 
veswol, as different authors have supposed, but perhaps only 

* Simroth states that in Ophiarans (Ophiactis) the stone-canal opens 
Jn common with the * heart’ into the madreporic plate, 
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to Rhizocrinus, and was dredged in the Bay of Biscay st 
the depth of 2435 fathoms. 2. Aldrichianns occurred in 
1850 fathoms, latitude 1° 47’ N., longitude 24° 26’ W., off 
the coast of Brazil. With it and also near the Crozet 
Islands occurred the interpsting Hyocrinus Bothellianus 
Wyville-Thompson, which in some points resemblance 
to the palmozoic genus, Platyorinus. 


half atari) leo; 6, calyxdiske ween from 


1a, capnutemedaer, 
anon, unineme Det Paria, 


The most widely distributed species is the Rhizocrinus 
lofotensis of Sars (Fig. 65), which is closely related to the 
Bourguetticrinus of the chalk formation, and forms the 
transitional type connecting the Apiocrinida with the 
free-moving, unstalked Anfedon. It occurs at the depth of 
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rolled in a spiral and press laterally against one another go 
as to enclose a hermetically closed cavity.”’ The pinnules 
are formed of broad flat joints, und ure “ rolled spirally to- 
ward the ambulacral channel of the arms when contracted" 
(Pourtales). The only species yet known is H. Rangii 
D'Orbigny, from Barbadoes. 

In Antedon (Comatula) the body is at first stalked, but 
afterward drops off, when it represents the calyx and arms 
of the ordinary Prinoids, It thus passes through a Rhizo- 
crinus condition, showing that it is a higher, more recent 
form. The mouth opens into a short, broad esophagus, 
and a wide stomach which makes a turn and a half, ending 
in the anal cone placed between the base of two of the arms. 
Within the five triangular plates is a circle of tentacles, 
From the space between each pair of oral plates the ambu- 
lucral grooves radiate to the arms and their branches. H. 
Ludwig maintains that Antedon possesses a true water-vas- 
cular system formed on the typical Echinoderm plan ; 
there being a ring-canal, with radial vessels arising from it. 
The tentacles of the porisome are connected with the ring- 
canal, and the tentacles of the arms and pinnule are con- 
nected with the radial vessel. Ludwig has also discovered 
in Antedon a system of blood-vessels (“‘ pseudo-hemal ” 
system) consisting of an oral ring-canal and five vessels 
radiating from it, which send branches to the tentacles, as 
in Asterias, He also detected a ‘ dorsal organ,’’ which 
he, contrary to Perrier and P. H, Carpenter, considers to 
be the central organ of the whole system of blood-vessels. 
Both Ladwig and Carpenter, however, regard it ss homolo- 
gous with the so-called “ heart ’’ or hemal canal of Echini 
and Asterias, 

‘The nerrans system consists of an oral ring with branches 
extending into the arms. 

The body-cavity extends into the arms, and the ovaries 
for the most part lio in the cavity of the arms, as in Asterias, 

The internal anatomy of Rhizocrinus has been investi- 
gated by Ludwig, who finds that it agrees very closely with 
that of Antedon. The water-vascular system, nervous sys- 
tom, alimentary canal and its appendages, have the same 
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relations as in the unstalked Crinoids (Anéedon and Actin- 
ometra), only they are on a simpler plan, there being a 
close similarity between Rhizocrinus and the pentacrinoid 
stage of Andedon. 

The ovaries of Antedon open externally on the pinnules 
of the arms, while there is no special opening for the prod- 
nets of the male glands, and Thompson thinks that the 
spermatic particles are “‘ discharged by the thinning away 
and dehiscence of the integument.’’ The ripe eggs hang 
for three or four days from the opening like a bunch of 
grapes, and it is during this time that they are fertilized. 
‘The following account is taken (sometimes word for word) 


%-—Development of a Ceinold (Autadoa). A. morula; 2, free larva, with 
aut cing G.poungertuold.—-Atter Wyrite'Tbonipson. 


from Wyville-Thompson’s researches on Antedon rosaceus 
(Fig. 67) of the European seas. In the first stage the egg 
undergoes total segmentation (Fig. 66). A represents the 
egg with four nucleated cells, an early phase of the mul- 
berry or morula stage. After the process of segmentation 
of the yolk is finished, the cells become fused together into 
‘® mass of indifferent protoplasm, with no trace of organiza- 
tion, but with a few fat celle in the centre. This pro- 
toplasmie layer becomes converted into an oval embryo, 
Whose surface is uniformly ciliated. The mouth is formed 
‘with the large cilia around it before the embryo leaves the 
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egg. When hatched, the larva ix long, oval, and girded 
with four zones of cilia, with a tuft of cilia at the end, a 
mouth and anal-opening, and is about eight millimetres 
long. The body-eavity is formed by an inversion of the 
primitive layer which seems to correspond to the ectoderm. 
Within a few hours or sometimes days, there are indica- 
tions of ‘the calcareous areolated plates forming the cup of 
the future crinoid. Soon others appear forming a sort of 
trellis-work of plates, and gradually build up the stalk, and 
lastly appears the eribriform busal plate. Fig. 66, 2, ¢, rep- 
resents the young crinoid in the middle of the larva, whose 
body is somewhat compressed under the covering-glass. 


Pig. €7.—Andedom, stalked und free.—From Macallieter, 


Next appears a hollow sheath of parallel calcaroous rods, 
bound, as it were, in the centre by the calcarcons plates, 
This stalk (2, ¢) arises on one side of the digestive cavity 
of the larva, and there is no connection between the body- 
cavity of the larva and that of the embryo crinoid. 

‘Two or three days after the appearance of the plates of 
the crinoid, the larva begins to change its form. The 
mouth and digestive cavity disappear, not being converted 
into those of the crinoid. The larva sinks to the bottom, 
there resting on a sea-weed or stone, to which it finally ad- 
heres. The Pentacrinus form is embedded in the larval body 
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each side of which are attached a row of pinnules. Be- 
sides Pontremites are the typical gonera Elwacrinus and 
Eleatherocrinus. 

Order 3. Cystidew.—This group is likewise extinct. In 
the fossil Pseudocrinns there is a short-jointed stalk, while 
in Caryocystites (Fig. 69) there is no stalk and no arms, the 


yetidean, on 
Lotion 


ea cyetidean 
Pg rt orl 
After Lotion, 


body being angulo-apherical, composed of solid plates. The 
Oystideans (Figs, 69 to 71) originated in the Cambrian for- 
mation, attained their maximum development in a number 
of species in the Silnrian, and became mostly extinct in the 
Oarboniferous period. 


Cxasa IL—CRINOIDEA. 


Spherical or cup-shaped Echinoderms, without a madreporie phate, wate 
ally attached by a fointed sem, t few free in adult life, with fee arma sede 
Aividing ints pinnula; the aindwlacrat feet in the form of tentacles 
arising armed the mouth in the furrows of the calyx or situated on the. 
Jointed arose, In the Blastotilea and certain Cystideans the arma are ab- 
sent, but the pinnule are wawally present, though absent in Caryoeyatites, 
Clreutatory, water-eascular, and scrwal oryana much ax in other Behino- 
derma ; the digestive canal ending im a distinct eccentric aperture, 
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Order 2 Blasteidea.—Armiless, but with five series of pinnule, and 
‘with a stalk (Pentremites. No living representatives), 

Order 3. Cystidea.—Usaally armed, with jointed pinoulm, and a short 
‘stalk, the Istier sometimes aheent, a in Caryocystites. (All 
fossil forms, as Edrlaster, Caryocystites, Sphwronites, etc.) 


Laboratory Work.—The living Crinoids are great rarities, and few 
students have secess even to alcoholic specimens. The recent re- 
searches on their internal anatomy have been mado In large part hy 
eutting thin sections for the microscope, ani staining them with car- 
mine, ete., after the methods of the histologist, 


Crass Il.—Asrenorpxa (Star-fisies). 


General Characters of Star-fishes.— Having already 
studied the structure of the common star-fish, we are pre- 
pared to understand the classification of the clas. The 
etar-fishes have star-shaped, flattened bodies, with round or 
flattened arms, o madreporic plate, and two or four rows of 
ambulacral feet. 

Order 1, Ophiuridea (Sand-Stars).—This division is 
characterized by the body forming a flattened disk, with 
cylindrical arms, the stomach not extending into the arms, 
and there is no intestine or anal opening, The ambulucral 
farrow is covered by the ventral shields of the tegument, so 
that the ambualacral fect project from the sides of the arm. 
They have no interambulacral spaces or plates. The am- 
bulacral feet or tentacles do not have a sucker at the end, 
but are provided with minute tubercles, They move faster 
than the true stur-fishes, the arms being more slender and 
flexible. The madreporic body is one of the large circular 
plates in the interambulacral spaces around the mouth. 
‘The external openings for the exit of the eggs form distinct 
fissures or slits, one on each side of each arm. ‘The ovaries 
are situated in the body, not extending into the arms, the 
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eggs being expelled into the perivisceral cavity, and thence 
finding their way out into the water through the interradial 
slits* The Ophiurans are bisexual, but one species being 
known to be unisexual, viz., Ophiolepis squemata, accord- 
ing to Metschnikoff. While most Ophinrans pass through 
# metamorphosis, the young of Ophiolepis ciliata is developed 
within the body of the parent, adhering by a sort of stalk 
(Krohn). In Ophiopholis tellis development is direct, there 
being no metamorphosis. 

An Ophiuran which has accidentally lost its arms can ro- 
produce them by budding. Latken has discovered that in 
species of Ophiothela und Ophiactis the body divides in two 
spontaneously, having three arms on one side and three on 
the other, while the disk looks as if it had been cut in two 
bya knife and three new arms had then grown ow! 
thecutside. Simroth has made farther extended researc es 
on self-fission in Ophiactis. 

The Ophiurans in most cases undergo a decided meta- 
morphosis ike that of the star-fish, which will be described 
at length farther on. The Jarva, called s platens, is free- 

though in some species the young, in a modified 
larval condition, reside in a pouch situated above the mouth 
of the parent, finally escaping and swimming freely about 
(A, Agassiz). 

In Ophiocoma vivipara Ljungman, which occurs in the 
South Atlantic, the young at first live in the body of the 
parent and afterward cluster on the surface of her disk. 
The eggs are hatched successively, the young being found 
in a regularly gradated series of stages of growth (Wyville- 
Thompson). It appears probable, as in the case of the sea- 
urchins, that the Ophiurans of the cooler portions of the 
South Atlantic, in most cases at least, have no metamor- 
phosis. Several native forms are also viviparous, 

Our most common sand-star is Ophiopholis bellis Lyman 
(Pig. 72), which may be found at low-water mark, and espe- 
cially among the roots of Laminaria thrown up on the 

* On the other hand, Ludwig denies that the eges pass into the peri- 
visceral cavity, but insists that they collect in pouches formed by an in- 
troversion of the integument. 








excepting these at the end of the arms, which are 
We bare already described the common star- 
of our north-castern coms, Asterigs Foriesii of Desor 
‘This and the allied varieties are abundant on 


i 


E 


of New 


Wig. 7h. —Astertor Frvteett, wagural stse—After A. Agasala, 

‘The bodies of star-fishes as well as sea-urchins (Echini) 
are covered with pedicellaria, which in the former are situ- 
ated aronnd the base of the spines on the upper side of the 
body. They are pincer-like, consisting of but two prongs. 
“aed sea-urchins thoy are three-pronged, and scattered ir- 
the surface of the body, heir uso is not 
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tous of the sand-stars, the bipinnaria (Fig. 75) of certain 
atar-fishes, and the awricularia of the Hulothurians. 

Fig. 76 shows the star-fiah developing on the aboral end 
of the brachiolaria, whose body it is now beginning to ab- 
sorb. The brachiolaria soon shrinks, falls to the bottem, 
and attaches itself by its short arms. The starfish com- 
pletely absorbs the soft body of the larva, and is comical, 
disk-shaped, with a crenulated edge. In this stage it re 
mains probably two or three years before the arms lemrthen 
and the adult form is assumed. 

In Leptychaster kerguelenexsis Smith, of Unt Seach Pari- 
Gc, a form allied to Lwidis or .irchaster. dee weame drvelp 
directly in a sort of marsupiam. securdiag we Wrote 
‘Thompeon. Pteraster militaris was toamt be Secs" = he 
viviparoas. 

In Brisinga the arms number from ning te tweack. ae 
long, cylindrical. aml, like the budy. bear uaz spima Thy 
species are shywal 8. sndecucnemus Asdjurmen ives 
the Norwegian cuwit, at a depch of shout 200 Sachums ami 
was dredest in abandance by the C aver Exoeiicun 2 
1360 fathoms, at s starivn due sac: Geenms Janke 
other species of xear-dsa - Zormancer and i 
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in diameter; it is very common from Labrador north- 
ward. 

Fossil star-fishes allied in most respects to Asferias occur 
in the Lower Silurian rocks, showing the remarkable persist- 
ence of this type of the order. Characteristic Lower Silu- 
rian forms are Palmaster and Archasterias, In the Upper 
Silurian appeared Palasferina, a genus allied to the living 
Astrogonium, etc. 


Crass IL—ASTEROIDEA. 


Behinoderms with a wlartikeor pentagonal body, with teo or fowr rows 
Of ambulueral feed or tentacles on the oral aide. Bory covered with anal, 
short snes, after arranged in groups. The nereous ayetem pentagonal, 
with nerves extending into Ole arms ; the water-cascular awl Aural syatems 
ho radiating into the aris, Most of the ucies bixcraal ; the young usally 
paming through a snctamorphosis, the starfish budding out frow the water- 
oadcular system of the luteus, bipinnaria or brachiolaria form, which pre- 
cloudy pases through a morula, gastrula, and cephatule stage, 


Order 1. Ophiurides,—Arms round, starting suddenly from a round, 
disk-like body. Ambulacral furrow covered by a series of 
‘ventral plates, so that the tentacles or ambulacral fect are 
thrast out Interally. "The ovaries and stomach not extend- 
ing into the arms; no analopening, no pedicellarin. 
(Opbinrs, Ophioglypha, Ophiolepis, Amphiura, Ophio- 
coma, Astrophyton). 


Order 2. Asteriddes.—Boty star-like, the arins boing gradual extensions 
of the disk, and containing the reproductive glands, di- 
gestive expca, ms well as the mdial nerves and radial hosmal 
and wnter-vascular canals A deep ambulscral furrow, 
containing two or four rows of ambulacral feet or tenta~ 
cles, those at the extremity of the arms without suckers 
(Brisingn, Ctenodisous, Luidia, Astropecten, Oreaster, As 
trogoniam, Preraster, Solaster, Crossaster, Oribretla, Pyo- 
nopodin, Astorias), 


Laboratory Work.—The larger star-fishes are casily dissected ; the 
general rolations of the Integument may be perceived by making 
‘tnsverse and longitudinal sections, while the viscera may be studied 
by splitting the body and arms in two vertically. ‘Thc smaller Ophin- 
rant can be hardened in alcohol, and stained sections made for 
studying the intricste relations of the water-vascular, hemal, and 
nervous systems. 
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In order to examine the external anatomy, the shell 
should be deprived of its spines in part, meanwhile observ- 
ing the mode of attachinent of the spines, of which micro- 

2 ri scopic sections 

should be made, 

The solid mouth. 
parts, the oral 
membrane sur- 
rounding the five 
sharp conical teeth 

or ‘ pyramids,’” 

trom and their mode of 
attachment to the 
“auricles ’’ in the 
shell, should be thoroughly investigated, as well as their re- 
lations to the mouth-opening and the digestive canal. The 
shell is a flattened sphere, consisting of ambulacral plates, 
perforated for the exit of the 
foot, and a broader series of 
five rows of interambulacral 
plates to which the spines 
are attached, and of such 
form and urrangement as to 
give the greatest possible 
strength and lightness to the 
ebell (Figs. 80, 81, 82). The 
outlet of the alimentary canal 
is situated on the aboral 
{abactinal) or upper end of 
the shell, while the madre- 
poric plate is situated upon 
the top or end of the shell 
(as the animal moves month 
downward), being u modifica- 
tion of one of the genital 


us 
z 
i 


a 


te 
LL 238 
nap 


large plates, one at each end of the interambalacral 
zones meeting on the aboral ond of the body ; in them ure 
‘tho ovarian openings through which the eggs escape ; these 
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Tt consists of a narrow wsophagus (Fig. 83, @), more or 
less pentagonal near the mouth, dilating into the stomach ; 
and of a terminal intestine. ‘The long stomach passes from 
left to right around the interior of the body, then tarns up 
toward the aboral end, and curves back in the opposite 
course, again passing around the body from right to left, 
forming two series of loops partly enclosing the ovaries ; it 
is held in place by a broad, thin membrane or ‘‘ mesentery.”” 
The reproductive and other organs are much as described 
in the slar-fish, there being five ovaries or spermaries, the 
sexes being distinct. The nervous ring around the mouth 
sends off five nerves along the ambulacra, which are accom- 
panied by a water-vascular canal sending branches to the 
tentacles, anda pseudo-hwmal canal, there being an oral and 
aboral (anal) hmmal ring (their presence is denied by Hoff- 
mann), as well as an oral water-vascular ring, with five Polian 
yosicles (present only in the true Echini and Clypeastroids), 
a stone-canal and a fasiform tube or ‘* heart ’** next to it, 
while the alimentary canal is accompanied by two hamal 
vessels, one on the “ dorsal *’ and the other on the free or 
ventral side, communicating with a lacunar network in its 
walls, 

Tn Echinus it is difficult to perceive any bilateral sym- 
metry, the parts radiating, as in the star-fish, from the cen- 
tre; but in the Spefangus and allied forms it is easy to di- 
yide the animal into a right and left side, and the body is 
more or less elongated, ys in Pourtalesia (Fig. 87), the mouth 
being situated at one end and the anus at the other. 

The mode of development of the common sea-urchin 
(Fig. 78) has been discovered by Mr. A. Agassiz. The earli- 
ost stages are much as described in the star-fish. The form 
of the pluteus larva is quite remarkable, there being eight 
very long slender arms supported by slender calcareous rods 
projecting from the body, and, during the movements of 
the animal, opening and shutting like the rods of an um- 
brolla. The body is provided with a sinuous row of vibra 

* Itshould be observed that the lntest and best observers are at vari, 
(ance regardiay; tho stractare and function of the so-called Echinoderms 
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aster Philippit Gray (Pigs. 84 and 85), from the latter island, 
certain of the ambulacral plates are greatly expanded and 
depressed ‘‘ so as to form foar deep, thin-walled oral cups, 
sinking into and encroaching upon the cavity of the test, 
and forming very efficient protective marsupia.”” The 
spines are so arranged that a kind of covered passage leads 
from the ovarial opening into the marsupium, and along 
this passage the eggs, which are very lange (a millimetre in 
diameter) are passed and arranged in rows, each egg being 
kept in place by two or three spines bending over it, Here 
the eygs develop, and the embryos, ufter the calcareous 


SSS eee 
plates once begin to develop, rapidly assume the parent form ; 
when they leave the marsupiam they are about two and a 
half millimetreslong. In Cidaris nufriz Wyville-Thompson 
the eggs are protected in a sort of tent by certain spines 
newt the mouth. Here the young develop withont  meta- 
morphosis. The allies of these forms in the Northern At- 
lantie are either known or supposed to be metabolous; and 
Sir Wyville-Thompson states that no froe-swinvming Echi- 
noderm larva (pluteus, etc.) were seen by the Challenger 
Exnedition in the Southern Ocean. 
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Taking a rapid survey of the principal forms of sea- 
urchins, we may divide the class of Echinoidea into two or- 
ders: the Palechinida, or older sea-urchins, in which the 
shell is composed of more than twenty rows of plates ; and 
the Autechinida with twenty rows of plates.* 

Order 1. Palechinida,—Comprises first the suborder Me- 
donitida, in which there are more than ten rows of ambula- 
eral plates, represented by Melonites of the coal formation, 
and Protechinus, Palachinus, Archeocidaris, ete. In the 
second suborder Zocidaria, there are ten rows of ambulacral 
plates. A type of the group, Hocidaris Kaiserlingii, appears 
in the Permian formation. 

Order 2. Antechinida.— 

To this division belong sea. 
urehins with twenty rows of 
plates. The first suborder is 
the Desmosticha, comprising 
those sea-urchins with band- 
like ambulacra extending 
from the mouth to the oppo- 
site extremity, and of more 
or less regular, flattencd, 

herical form. Such are 

idaris, Echinus, Eehkinom- = au = 
etra, Clypeaster, Tard) Behi- motiertoaba Savaral aise ahaa: 

rs Aguselz. 
narecshuins. The Echinus 
esculentus Linn., of the Mediterranean Sea, is as large as 
an infunt’s head, and is used as an article of food. 

Tn Clypeaster the body is large and the shell very solid. 
©. subdepressus Agassiz is common on the Floridan coast. 
‘An orbicular flattened type are the sand-cakes, of which the 

i inius parma Gray (Fig. 86) is abundant in the 


shallower portions of the North Atlantic, from low-water 
mark to forty fathoms. It is replaced southward from 
Nantucket to Brazil by Mellita testudinata Klein. 

The last suborder, Petalosticha, is characterized by the 


These arc terms proposed by Haeckel, who regards these divisions 
as subclasses, but we think they should more properly be called ordera. 
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beet ke ebolaca, ed the Eeetheis beart-<hspei, often 
lougiet, form of the abe am eerer amd poterser end 
Reling well deficed 9 They for the most pet Eve bored mm 
Gee eed or ads mend, net moving sbect so actively as the 
Detemmntides 

Of tie feeds Spctenpide the carat eau Pourte- 
heels Fee Gi, P. SeGrepet Wyle Theopes) deerves 
netior, the apecses of whock are bottied-chaped, with a thin, 
fremeperest abel §=The transition from suck = form as this 
tw the Helsthuriems is met 3 very extreme oon §=6This 
prune, A. Agus states, ix the living representative of In- 
[elaster fi the Cretaceces period. P. wirenda A. Agwax 
was Gredged im the Florida Straits, im about three hundred 
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and fifty fathoms, snd by British naturalists in the Shet- 
fund Channel. P. Jeffreysii was dredged in six hundred 
and firty fathoms, near the Shetland Islands, 

Spatangus ie distinctly heart-shaped, as is Hemiaster, 
An interesting deep-sea or abyssal form not uncommon in 
sapere | st the depth of one hundred fathoms, off the 
const of Maine and Massachusetts, and extending from Flor- 
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semblance between the two branches (Echinoderms and 
worms) is one simply of analogy, and involves no blood-rela- 
tionship. On the other hand the radiated arrangement of 
parts and the development and relations of the water-vas- 
cular system ally them, through the Ctenophores, with the 
Actinoroa and Hydroida, and it seems more natural to re- 
gard the Echinoderms as forming a branch of animals in- 
termediate between the Hydroida and the worms, there 
being certain low worms with 4 water-vascular system. 
But the student will be better 
able to appreciate these general 
questions after a more or less 
thorough acquaintance with tho 
forms and structure of the pres- 
ent group. For this purpose he 
should first examine living sea- 
encumbers, and then carefully 
dissect them. A detailed study 
of the anatomy of a Pentacta or a 
Holothuria, ono a northern the 
other a subtropical and tropical 
form, and of a Synapla, found 
everywhere along our coast in sand 
below tide-marks, will give the 
groundwork ; and this knowledge, 
autoptically aequired, can then be 
corrected and extended by reading 
monographs or compiled state- 
ments to be found in the more 
authoritative general works on 
comparative anatomy. Fig. &—Pentacta frondoes.— 
Living Holothurians can be pro. FF™ Tesney's Zoology. 
cured with the dredge or dug ont of the sand between tide- 
marks. They should be kept in aquaria, and their move- 
ments watched az well as their mode of locomotion, and the 
action of their branchim or external gills (tentacles). 
The common sea-cucumber, north of Cape Cod, and ex 
tending through the Arctic regions around to Great Brite 
is Pentacta frondosa Jaeger (Pig. 88). It lives from 
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pray haa Serer par yet 
morale plates, learing interambulacral spines; with a mouth and anal 
opening, the mouth in mod of the species armed with fire teeth; ame 
bulacral feet well developed. The sezes distinct. Development either direct, 
or, a2 in most cums, by a marked metamorphosis from a pliteus larea, 


Order 1. Palechinido.—Shell composed of more than twenty rows of 
pistes, Suborder 1, Melonitida (Melonites, Protechinus, 
Palwehinus, Archeocidaris), 
aris). 

Onter 2, Autechinids.—Shell composed of twenty rows of plates. 
Saborder 1. Deamoticka (Cidaris, Echinus, Strongylocen- 


Laboratory Work.—We have already given some hints as to the 
mode of dissecting sea-urchins, which should be done under water in 


deep pans. Great caro must be taken in removing the digestive canal, 
whieh is very delicate in itself, and usually filled with sand, In study- 
ing the water-vascular and blood-vessels, careful, skilful infections with 
carmine are indispensable. The spines may be studied by making thin 

and transverse sections, The test, or shell, should be de- 
nuded of the spines in order to study the relations of the ambulacral, 
Ioterambulucral, and genital plates. 


Crass IV.—Hotormunorpes (Sca-croumbers). 


Goneral Characters of Holothurians.—We now come to 
Echinoderms in which the body is usnally long, cylin- 
drical, with a tendency to become worm-like, and in cer- 
fain gonera, as Synapta, Chirodota, and Eupyrgus, it ix 
difficult both in their larval stages (Synapfa) and in the 

external and internal anatomy of the adults to separate 
‘them from worms like Sipunewus ; authors have therefore 
n led to tho adoption of one of two views : first, either 

ho worms and Echinoderms have had « common origin, 

itor, though truly radiate, have no noar affinities 

ng analogies) with tho Colenterates, or tho re- 
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treme low-water mark to a depth of fifty fathoms. It is of 
4 tan-brown color, from six inches to nearly a foot in 
length, and in its form and the corrugations of its tough, 
leathery skin resembles a cucumber in nearly all respects 
except color. There are five series of ambulacral feet, each 
series consisting of two irregular rows. Around the mouth 
is a cirele of ten much-branched tentucles or gills (komolo- 
gous with tho ambulacral fect). 

On laying the body open by making a cut extending from 
the month to the vent, the thick muscular walls of the body 
may be observed, and the general relations of the viscera to 
the body-walls, which have nothing of the radiate arrange- 
ment of parts, so clearly marked in the other Echinoderms, 
the ambulacra, tentacles, and longitudinal muscles alone be- 
ing arranged in a radiate manner.* Unlike other Eehino- 
derms, the madreporic body is internal, and there is a ca- 
pacious cloaca or rectum, und a large vent. 

On the inside of the body-walls are numerous small cir- 
cular (transverse) muscles forming slight ridges, which serve 
to contract the body, and five double Jarge longitudinal 
muscles (Fig. 89, 2) lying in the ambnlacral zones. The 
mouth is surrounded by a muscular ring, from which arise 
ten large, much-branched tentacles. The pharynx, or the 
portion corresponding to “‘ Aristotle’s lantern,”’ of the sea- 
urchin is broad and short, with five large retractor muscles 
(r) originating from the ambulacral or longitudinal muscles 
on the anterior third of the body. The stomach is short, 
not much wider than the intestines, with well-marked trans- 
verse folds within. The intestine (é) is several times longer 
than the body, with longitudinal small folds, and held in 
place by a large, broad mesentery which aceompunies the in- 
testine through the greater part of its length. The intes- 
tine terminates suddenly, in a largo cloaca (c), from which 


* In Bupyngua and Eekinocweumis it is difficult to perceive any radia- 
tion in the body except in the unbroken circle of tentacles, while in 
Sipunculus and allied worms (Gephyrea) the tentacles form a complete 
circle, and these worms have u ring-canal and an imperfect or rudi- 
mentary system of vestels thought by some authors to correspond to 
the water-vascular system of Echinaderms. 
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are capable of being very deeply retracted, and as in 
Pentacta there are no tentacular ampulle. The small 
madreporic body is much us in Pentacta, und connects with 
a duct (madreporic canal) leading to the ring-canal. There 
are three Polian vesicles, one fusiform and an inch in 
length, the two others slenderer. The cloaca is of mod- 
erate size, as in Pentacta, and the respiratory trees divide 
at once into two very bushy branches. The ovarian tubes 
form a brash or round broom-like mass or tuft, abont an 
inch long,-the tubes small, yellow, and of nearly uniform 
length, the oviduct straight and bonnd down to the walls 
of the body. 

We might here mention the most aberrant type of Holo- 
thurians, the Rhopalodina described by Semper, who states 
that the body is fask-shaped, with the mouth and vent eitu- 
ated near each other on the smaller end of the body. The 
mouth is surrounded by ten tentacles, and there are ten 
papille around the anus. There is a spacions cloaca or 
respiratory tree. ‘* Ten ambulacra diverge from the centre 
of the enlarged aboral end of the body, and extend like so 
many meridians to near the commencement of the neck of 
the flask. In correspondence with each ambulacram is a 
Teng ota muscular band ; and it is an especial peculiarity 

that five of these are attached to the anal 
priory and five to the cireum-sophageal circlet’* (Huxley). 

‘The carlier stages of development of Holothurians, so far 
as known, is like that of star-fishes. Tho larvawhen fully 
grown is called an auricularia. It is transparont, cylindri- 
cal, annulated, with four or five bands of cilia, and usually 
with certain ear-like projections, from which it derives the 
name originally given to this larval form. Before the auri- 
cularia is fally formed the young Holothurian begins to bnd 
out from near the side of the larval stomach, the calcareous, 
cross-like spicules appear, and the tentacles arise, The ear- 
like projections disappear, the auricularia thns becoming 
cylindrical. It issoon absorbed by the growing Holothurian, 
which in some ra is strikingly worm-like, and it seems 
that the: Tolothurian is more directly developed from the 

" than in the case of the star-fish and sea-urching, the 
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metamorphosis being lees marked—i.e., growth is more 
continuons, asin the Crinoids. 

In Holothuria tremula and Synaplula vivipara there has 
been observed a very slight metamorphosis, the young de- 
veloping directly in s marsupium, as in the star-fishes and 
sea-urchins, Cladodactyla crocea Lesson, of the Falkland 
Islands, according to Sir Wyville-Thompson, carries its 
young in a sortof nursery, being “ closely packed in two con- 
tinuous fringes adhering to the water-fect of the dorsal am- 
bulacra.”” He also found that in Psolus ephippifer Wyville- 
Thompson, which is covered with calcareous plates, there is 
adorsal group of larger tessellated plates, each supported 
by a broad pedicel embedded in the skin. Under theso 
mushroom-like plates brood-cavitics or cloister-like spaces 
are left between the supporting columns, and in this archi- 
tectural marsnupium the embryos directly develop into sea- 
cucumbers. It follows that in all free-swimming Echino- 
derm larvie, there is a true metamorphosis as distinct as in 
the butterfly, while in other forms in which development ix 
direct the embryo is sedentary and lacks the cilia and vari- 
ons appendages so characteristic of the ordinary larval 
Echinoderms; thus there are different stages in the differ- 
ent classes. of Echinoderms between direct development or 
continuous growth, and a complete metamorphosis like that 
of the star-fish or sea-urchin, in which the plutens or larva 
is but a temporary scaffolding, as it were, for the building 
up of the body of the adult. 

‘Turning now to the classification of the Holothurians, 
and beginning with the lowest, simplest, most generalized 
forms (which are also remarkably worm-like), and ascend- 
ing to higher or more complicated forms, we find that there 
are two orders, those withont feet (Apoda) and those with 
ambulaeral feet (Pedata).* 


* It is possible that the Holothurians should be divided into two sub- 
classes, one Diplostomidex Semper, in which the body is spherical and 
the mouth and snus are close together, with ten ambulacral rows, etc., 
and the normal, cylindrical, bipolar Holothurians. Semper's Dipiostomi- 
dea ig based on Rhopaladina lageniyormia Gray, from the Congo Coast, 
‘and regarded by Semper as the type of a fifth class of Echinoderms, 
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Order 1, Apoda.—The simplest apodons form is the 
acaber Litken, in which the body shows no 
external signs of longitudinal muscles, though there aro 
five small ones, and is covered with spine-like, soft papille 
bearing calcareous plates. We have dredged it 
frequently on the coast of Labrador in shoal- 
water. It has a circle of fifteen unbranched 
tentacles, and is about one centimetre long, 
It also occurs in Greenland and Norwegian 
waters. Myriofrochws has a transparent skin 
dotted with minute white spots, which, when 
mugnified, appear to be wheel-like, calcareous 
plates. It has a single Polian vesicle, and there 
is no respiratory tree nor Cuvicrian appendages 
(Huxley), We have dredged this beautiful 
form (Jf, Rinkii Steenstrup) in sand, in shoal- 
water, on the coast of Labrador. A very com- 
mon Labrador Holothurian is Chirodota lave 
Grabe (Fig. 90). It lives in shallow, sandy, 
retired bays, and is whitish-gray, with five dis- 
tinct muscular bands and scattered white spots, 
which are calcareous, wheel-like bodies situated 
in the skin. 
Near Synapta, is Leplosynapla Girardit 
(Verrill), our common east coast species, which 
lives in sand at low tide. The body is very 
Tong, and the animal when disturbed constricts 
its body and breaka up into several pieces. The 
skin contains perforated plates and anchor-like 
bodies (Fig. 91). In this genus and those pre- 
viously mentioned, constituting the suborder 
Apnenmona and family Synaptide@, the sexes 
reek, De ave united in the same individual, and thers 
vatund sine, g, 18 nO respiratory tree, while the tentacles ard 
muh cieel simply digitated or lobulated. 
The next suborder, Pnenmophora, forming the family 
Molpadide, is characterized by having « respiratory treo, 
Tn Candina the skin is rough with calcareous pieces, the 








CHAPTER V. 
BRANCH V.—VERMES (Worws). 


General Characters of Worms.—Having studied the 
one-celled animals, or Protozoans, and the radiated animals, 
or Celenterates and Echinoderms, we pass to an assemblage 
of forms which even in the simplest types are seen to have a 
dorsal and ventral, a right and left side, and a head and tail 
end. It is rare that the form ofa worm is so modified by its 
habits or surroundings but that we are able to call it a worm, 
thongh when we attempt to draw up a definition of the 
branch or sub-kingdom Vermes, one which shall exclude the 
worm-like Holothurians or the Mollusks, or certain low mites 
and crustacea, or even the Amphiorns, we find it impossible 
to lay down a set of characters which shall accurately and 
concisely define them. This is due to the fact that the worms 
are par excellence a generalized, synthetic type, from which 
the other branches of the animal kingdom above the Protozoa 
and sponges have probably originated. It will be well for 
the student not to trouble himself at first about a definition 
of the branch, but to study with care the leading types, and 
then, in a review of the group, he will have a more or less 
definite idea of the sub-kingdom, and perceive where its bor, 
ders, here and there, merge into other branches, and he will 
be then able to understand the grounds for the speculations 
regarding the phylogeny or ancestry of the other branches, 
which have all an apparent starting-point from low or simple 
forms resembling such worms as we are next to describe, 

As a provisional definition of a typical worm, we may say 
that it is a many-celled, three-gorm-layered, bilateral animal, 
with a well-marked dorsal and ventral side and a head and 
tail end, with the body in the higher forms divided at reg- 
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layer of cells, nor of any orguns, all the animal and 

tive functions being accomplished by the activity of the 

ectodermic cells and of the single axial cell. ‘There is no 

mesodermic cell or cells. On account of these churacteris- 
tics, Van Beneden 
regards these or- 
ganisms as forming 
the type of a now 
branch of the ani- 
mal kingdom, 
which he distin 
guishes aa Mesozoa. 
He places the 
branch, or sub. 


animals (Mefazoa), 
and includes the 
hypothetical Gas- 
traades of Haeckel 
in the branch, 


Platyhelminth 
worms, It is not improbable, on the one hand, that the 
Dicyemida, retaining their parasitic life, are 
forms, which have originated from some low or 

worm, and bear the same relation to them, the 
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submerged stones, sticks, and leaves in ponds. The body 
is partly transparent, with a dark area representing the 
stomach, from which branch out at right angles a multi- 
tude of cecal canals (gastric corca). It has two small 
black eye-specks. Closely allied to this flat worm is an eye- 
less form inhabiting the streams of the Mammoth and ad- 
joining caves, which may be called Dendroculum percocum 


(Fig. 94). 

The forms are easily obtained by the student, 
who can study their habits in confinement. They all be- 
long to the order Turbellaria, which is characterized by the 
flat, oval body, covered with cilia, The ciliary motion can 
be detected, as Moseley has done, by placing a little arrow- 
root meal or fine bits of paper on the back of the animal ; 
these were seen to move in a forward direction on the an- 
terior part of the body of Geoplana flava Moseley, a Bra- 
zilian lund-planarian, and posteriorly they moved backward. 

“Tn all regions of the dorsal surface it moved outward, 
ag was observed by Fritz Maller, at the same time as back- 
ward or forward, and was thus rapidly thrown off at the 
side of the body, the dorsal cilia apparently subserving 
especially this function of the speedy removal of foreign 
substances from the surface of the body’ (Moseley). The 
structure of the flat worms may be understood by referring 
to Fig. 95, which illustrates the anatomy of a common 
European marine flat-worm. The digestive canal opens by 
a mouth situated usually behind the middle of the body, 
which leads into a chamber containing a cylindrical or 
fannel-shaped proboscis, capable of being euddenly thrnst 
out. The digestive canal is either a short blind sae, or is 
long, forked, and either simple or much branched (Fig. 
95, ¢). 

‘These worms have a so-called water-yascular system, con- 
sisting of two lateral canals and numerous branching Int- 
eral stems, with a common opening or pore in the skin bo- 
tween the two main stems, or there may be many pores. 
‘The vessels are ciliated within, and are supposed to have a 


‘doable ganglion situated on the front end of the 
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The Turdellaria are hermaphroditic, the ovaries and testes 
with the accessory apparatus (Fig. 95) being present in the 
same individual st but in many forma the sexes are distinct. 

Little is known of the development of the flat-worms. 
In a common marine Planarian, Stylochus elliptica (Girard), 
which is about two centimetres long, and lives under stones 
between tide-marks, north of Cape Cod, the eggs are depos: 
ited in May and June, in a thin, viscid band, on stones and 
sea-weeds, The eggs undergo total segmentation in four or 
five days after they are laid. The larva is round, ciliated, 
with a caudal flagellum. In eight or ten days after the 
larva has hatched, it stops swimming about, and becomes a 
“mummy-like body,” which Girard calls a ‘‘ chrysalis.”” 
In this state it floats about in the water, Its farther his- 
tory is unknown. 

In Leptoplana (Polycelis), according to Keferstein, the 
yolk undergoes total segmentation as in Stylochus; the 
outer layer of cella forms a blastoderm which surrounds the 
more slowly growing cells within. Keferstein deseribes 
and figures the various stages by which the spherical cili- 
ated embryo attains the form of the adult, whose devel- 
opment seems to be less in the nature of « metamorphosis 
than that of Stylochus. 

‘The Planarians also in some species mul- 
tiply by fission, and when cut into pieces, 
according to H. J, Clark, each piece may 
eventually become a well-formed Planarian. 
Clark figures in his ‘* Mind in Nature’? two 
Planarians derived from two sections of 
Dendrocalum lacteum, which became fally 
developed within eleven days after the opera 
tion. Several Turbellarians are known to 
undergo spontaneous fission. 

Catenula lemnam Dugis, by transverse di- 

Pi 94— cutee vision, forms chain-like aggregations, <0 
Sup iti, a South African species, (. guaterna, of 

Sciuards, Schmarda, has boen found by him to have the 
same habit. Pig. 96 represents two individuals (much 
enlarged) in partial division, and a chain of four individ- 
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Planarians, 
we shall be able to appreciate the characteristics of the Tre- 
matode worms, which are all parasitic, and are constracted 
on the dendrocelons planarian type, more or less modified _ 
by their parasitic life, some being external, but most of ~ 
them internal parasites. They closely agree with the Tur- 
bellaria in form, never being segmented. The mouth-open- 
ing is usually situated near the fore-end of the body (some- 
times in the centre), leading by a muscular pharynx to the 
digestive canal, which is forked and endsin two ceca, Uni- 
cellular glands open into the pharynx. In one genus (m- 
philina) there is no digestive canal. 

The Trematodes usually possess what the Turbellarians 
do not have, a sucking~disk (Fig. 98, B, «), situated a little 
behind the middle of the body, by which they adhere to the 
walls of the organ of the host they inhabit. The so-called 
water-vascular* or excretory system forms a network of 
vessels branching from two main lateral tubes, which unite 
to form a contractile vesicle ending in a terminal pore, or 
the main branches may end in two or more lateral pores. 

The fact that thero is no anal opening seems to confirm 
the idea that the water-yascular system is excretory, thus 
affording the only ontlet for the waste products of diges- 


presented by a single gau- 

glion, like that of the Turbellarians. Eye-spots are some- 
times ‘present i in the young, which, with other points in their 
jon, tends to show that the Trematodes have origi- 

nated from Turbellaris, having been modified by their pam- 


* That the so-called water-vascular system is mainly at Jemst: 
fm it» function seems proved by the fact that the flak is 
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very transparent epidermis, under which is a tolerably thick 
™membrane furnished with transverse muscular fibres, while 
between each pair of these transverse fibres is placed a globu- 
lar vesicle which appears to be a mucous follicle or gland ; 
the innermost tube is opaque and of firmer consistence ; it 
contains the longitudinal muscular fibres, and is usually re- 
ticulated on the surface. ‘Through the centre of these tubes 
there passes a slightly narrower canal, which becomes very 
small toward the extremity of the tail. The existence of 
the same layers in the body itself of the Cercaria can easily 
be demonstrated ; but the transversely striated layer is here 
not 30 much developed. 

Steenstrup states that these Echinate Cercariw (Fig. 98) 


; 


[otsmorphonis Cercaria | Distomam, A,) germs; 
oe ees oe eneyeid pupal Cerenrin 2; sdale ‘Distoouses Ate 


are found by thousands, and frequently by millions, in the 
water in which two of the largest European fresh-water 
snails, Planorbis cornea and Limneus stagnalis, have been 
kept. After swimming about in the water some time, they 
fix themselves by means of their suckers (B, s) to the slimy 
skin of the snails, in such numbers that the latter look as if 
covered with bits of wool. 

‘The Cercaria, by contractions of its body and violent lash- 
ing of the tail, forces its way into the body of its host, loses 
its tail, and then resembles a mature Distoma, By turning 
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the next form which it assumes the young Monostomum 
bears an undeniable resemblance to those animals which 
T have termed ‘ nurses’ and ‘ parent-nurses’ in that species 
of the Trematoda which is developed from the Cercaria echi- 
nata.”” 

Thus the cycle is completed, and the following summary 
of changes undergone by the Distomes present as clear a 

- cage Of an alternation of generations as seen 
in the jelly-fishee : 

1. Egg. 

2. Morula. 

3. Ciliated larva. 

4, Redia (parent-nurse, Proscolex) produc- 
ing 

5. Cercaria (nurse, Scoler). 

6. Encysted Cercaria (Proglottis). 

7. Distomum (Proglottis). 

The Distomum echinatum (ig. 100), living 
in snails which are eaten by ducks, have been 
shown by St. George to develop into the adult 
Distoma in the body of that bird. It is gen- 
erally the case that those Distomes which pass 
through an alternation of generations live in 
the larval state in animals which serve as food 
for higher orders, Thus the Bucephalus of 
the European oyster passes in the et 
state into a fish which serves as food for a 

yy, Matger fish, Belone vulgaris, in whose intes- 
sik ST tine the adult of the same worm, a species 
ro Oa. of Gasterostomum, occurs. The American 
Giied wih corce- oyster is infested by Bucephalus cuculus Ma- 
valeund Beneden. erady, It infests the ovary of the oyster, 
Whether it is permanently injurious to the latter is un- 
known. 

Fusciola hepatica (Fig, 101), the liver-fluke, sometimes 
occurring in man, is thought by Dr. Willomocs-Suhm to 
begin its existence as Cercaria cystophora, parasitic on a 
species of Planorbis, 

It is most abundant in sheep in the spring, several hundred 
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ovourring in tho liver of asingle sheep. At this time it passes 
into the intestine, and thence is carried out with the exere- 
ment. The eggs or flukes in many cases drop ‘ 

into pools, ditches, or ponds ; here the cili- 

ated young (like Fig. 99) is liberated, and 

soon the cilis are absorbed, when it becomes. 

inert, and probably soon afterward enters 

the body of a snail (Planorbis, eto.), where 

it transforms into a large sac, and devel- 

ops new larve in its interior. This sac- 

like larva is called a “nurse,”” “ 

eyst,”’ or, when more highly developed, a 

“redia."’ The progeny of the redia is 

termed a ‘‘corcarin.”’ The cercarie are 

restless, migrating from the bodies of their 

snail-host, and have been known in a few 

instances to penetrate the skin of human 

beings. They are probably more usually 

swallowed by sheep and cattle whilo ‘drink. waiaga 
ing or grazing, when snail-shella may be From Geeveis and Van 
accidentally swallowed. From the diges- "=! 

tive canal of sheep, etc., the cerceria penetrates into the 
liver, where it probably loses its tail and becomes encysted, 
after many weeks or even months becoming a sexually ma- 
ture distome. From the liver it passes ont throngh the 
liver-ducts into the intestine, and is finally expelled, thus 
completing its cycle of life (Cobbold). 

Distomum lanceolatum Mehlis differs from Fasciola he- 
petica in the intestine being simple and forked, while that 
of the latter is much branched, It has occurred but three 
times in man, but is not rare in the sheep and ox. It has 
been detected in Europe in the pig, deer, rabbit, and hare. 
Two immature Distomes have been found in the human 
eye, and Cobbold thinks they nay both be the young of 

D.tanceolaium. Yt is described by Diesing under the name 
at Distomum ophthalmobium, is halt a line in length, and 
occurred between the lens and its ee Sppraring as dark 
-spota on the surface of the lens. im crassum Busk 

and D. heterophyes Sicbold have each been only once 
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found in man, the former in a Lascar, the latter in an 
Egyptian boy. 

Bitharzia hamatobia Cobbold is common in the portal 
system of blood-vessels and in the veins of the mesentery, 
bladder, ete., of Egyptians, and has caused an endemic dis- 
ease at the Cape of Good Hope. In Egypt, out of three 
hundred and sixty-three post-mortem examinations, this 
worm occurred ono hundred and seventeen times. Tt is 
bisexual, the female greatly smaller than the malo, living in 
a canal or passage in the male formed by the infolding of 
the edges of the concave side of the body, called « yynaeo- 
phore, There are three other rare human flukes known : 
Tetrastoma renale Delle Chiaje, Hexathyridium pinguicola 
Treutler, and . venarum Treutler, the latter occurring in 
the veins (Cobbold). 

The nurse of Distomum macrostomum Rudolphi (Fig. 
102), described under the name of Leucochloridium, is 
eylindrical, and strongly resembles a maggot; its strange 
habitat is the tentacles of a snail (Succinea), 

Of tlic second suborder, Polystomea, the species have two 
small anterior and ono or several posterior suckers, and a 

pair of eyes. They are 
mostly external parasites, 
like the leeches, and un- 
dergo no metamorphosis. 
Jn some forms the body 
is segmented. 

z A type of this suborder 
is Aspidogaster conchi- 
cola Baer, which inhabits 

‘Siar on,” Natural ae, the pericardial cavity of 

fresh-water mussels, and 

also is an ectoparasite of fresh-water fishes. Diplozoon 
consists of two 'I'rematodes yery intimately united into an 
X-formed double animal. In the young stages the two ani- 
mals are separate, and in this state were described under the 
name of Diporpa. Disloroon paradozum Nordmann lives on 
the gills of numerous fresh-water fishes. Polystomum har 
a flat body, without suckers on the fore end, with six suck- 


paras 





and a careful examination of cross-sections and 
ety eghlst cle oobpacane dered achat ie pe 

0 month, a head armed with suckers or hooks. 
DNGa Ga AIGiaad SattRE 'esatenoce icin bie Of ongreents 
or proglottids, but there is no digestive canal, the worm 
living immersed in the contents of the intestines of its host ; 
its food being absorbed from the juices of its host through 
the walls of the body. 

‘The tape-worms and their allies are not known with cer- 
tainty to have any trace of a nervous system. The water- 
vascular system is well developed in the Cestodes, where it 
seems to be excretory in its functions, as in the Trematodes. 
‘There are usually four, sometimes only two, longitudinal 
a ae oe ane ne fo onc memaant 

with transverse anastomosing branches, whilefrom these main 
canals a network of fine vessels branch out. Granules and 
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of the crystals of oxalate of lime in the urinary tubes of 
many insects and the concretions of phosphate of lime in 
the organ of Bojanus of Lamellibranch mollusks.* The 
canals terminate in a small pulsating vesicle and pore, as in 
the Trematodes. 

‘The Cestodes are hermaphroditic, and each of the body- 
segments except those nearest the head contains male and 
female reproductive organs. The male parts consist, as in 
the Trematodes, of testes, vasa deferentia, and a muscular 
sac with a cirrus or intromittent organ, which may penetrate 
the vagina of the same segment, The female organs consist 
of an ovary (germigene), yolk-stock (vitellogene), uterus or 
matrix, receptaculum seminis, and vagina, the latter opening 
by a pore situated in Tinia (Fig. 107) on the side, or in 

Bothriocephalus on the ventral surface of the segment, 
‘There is a great deal of variation in the reproductive organs 
of the tape-worms; a general idea of the relations of parts 
may be obtained by reference to Figs. 107 and 109, The 
ovary forms the most important part. It is much devel- 
oped and very complicated in structure, As Gegenbaur 
states : “The preservation of the species is here subject to 
innumerable difficulties, owing to the animal living in dif- 
ferent hosts at different stages of development, and to tho 
wanderings which this mode of life entails ; consequently a 
large number of ova have to be produced, and the cer- 
tainty of fecundation insured.’’ (Elements of Comparative 
Anatomy, second edition, English translation.) The 
male organs and products are first developed, and the 
receplaculum seminis stored with spermatic cells before the 
eggs fully develop in the ovary, and all these parts develop 
earliest in the terminal segments of the body destined to 
form the proglottides. 

Development begins very probably, as in the Tremadodes, 


* This is Leackart’s opinion. Sommer and Landois claim that these 
bodies are scattered through the substance of the body, and do mot 
occur In water-vessels. Huxley endorses this view. But if these bodies 
‘are concretions and the water-vessels are mainly excretory, as they Care 
peepee 2 we should judge that Leuckart'’s view was the bet 
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through multiplication by divicee of the sackets (eum 
native cell). In the eggs of Temic Secor E Van Benet 


Fre. Mh — Tanks avian. Sat sine, 3M —Beot ant sregeninst 
ics te Be Tater Bere 
bs mageibed Sirwhla ta 2 Sinn — ater ee 


saw the nucleus suldiivide ; after pasting through a mwrule 
condition the cells are arranged in two layers, and the outer 
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other hand, is not ciliated. 
The history of the human tape-worm, Tiree peli 


“* parent-nurses *’ of the Cercarias, except that they 1 
contained in the body of the Twnia (as in the 


of its human host, and the eggs set free, in and about 
privies, are swallowed by that unclean animal, the pig, and 
the cycle of generations begins anew. We thus have the 
following series of changes, which may be compared with 
the homologons series in the flukes : 


3. Double-walled sac (gastrula ?), 

4 Proscolex, free embryo with hooks, surrounded by a 
blastodermic skin. 

5. Scolex (Cysticercus, larva). Body few-jointed. 

6. Strobila (Tenia). Body many-jointed, 

7. Proglottis (adult). 
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The common human tape-worm, Ziente solium Linn., 
yaries from ten to thirty feet in length ; there are upward 
of eight hundred joints in a worm ten feet long. The head 
ends in a rostellum or proboscis armed with a double crown 
of hooks ; the first proglottis or sexually mature segment 
begins at the 450th. While in some persons the presence 
of a tape-worm is simply an annoyance, in nervous and irri- 
table persons it causes restlessness, undue anxiety, and vari- 
ous dyspeptic symptoms. In rare cases (over a hundred are 
known) death has resulted from the presence of the Cysticer- 


\canthotrias (Cysticercos) 
(5) and eirele of hooks, 





eusin the brain. ‘ Cysticerci may develop themselves in 
almoet any situation in the human body, but they occur 
most frequently in the subcutaneous, areolar, and intermus- 
eular connective tissue ; next, most commonly in the brain 
and eye ; and, lastly, in the substance of the heart and other 
viscera of the trunk *’ (Cobbold). Among the preventive rem- 
edies against tape-worms is the disuse of raw or underdone 
pork, and ** measly” pork—i.e., the flesh of swine contain- 
ing the little bladder-like vesicles. Oysticerci, or larval tape- 
worms, can be readily distinguished, but when thoroughly 
cooked are harmless, as the temperature of boiling water is 
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sufficient to kill the Cysticerci. Butchers especially suffer 

from tape-worms, from their habit of eating bits of raw 

meat, beef and veal harboring Cysticerci, which transform 

into species of Tenia nearly as injurious 23 Tania solium, 

Asa matter of course, in the use of drugs to expel a tape- 

worm, they chould be pushed so as to carry off the entire 

animal, as new segments grow out from near the head as 
rapidly as the proglottides are detached. 

The Cysticereas of another injurious tape-worm lives in 

te organs of cattle. This isthe 7enia 

mediocanellata of Kachen- 

meister, which is larger, 

with a larger darker head, 

@ larger suckers, and with- 

ont a rostrellum or hooks, 

By far the most injurious 

species is Tania echinococ- 

cus Siebold (Fig. 108), 

more frequently. causing 

death than any other en- 

tozoon. In its adult or 

strobila state this worm 

only infests the dog and 

wolf, but its larva, the 

hydatid of physicians, fre- 

quently occurs in the hu- 

man body. It is very 

small, seldom exceeding 

six millimetres in length, 

there being but four 

segments, including the 

head, which has a pointed 

rostellum, with a double 

crown of large-rooted 

hooks ; there are four suckers present, and the last segment, 

when sexually mature, is as long as the anterior ones taken 

together. The hydatid ( proscolex) forms large proliferous 

vesicles, in which the scolices (Echinococcus heads) are de- 

veloped by budding internally. About five thousand eggs 
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This worm is extremely rare in Amorica, butiscammon in 
Western Switzerland and Central Europe, and in the north- 
western and northern provinces of Russia, Sweden, and 
Poland. It is sometimes twenty-five feet long, and neurly 
an inch broad, with 4000 joints. The club-shaped head ia 
unarmed, and the first sexually mature segment is about 


Vig. 109.—Male reprodactire cageen, WN Darts Of Ci Ste Sa ee 
Wem Sameer hae ang crs tres Sl a 


1 Oh, sbeld-gund te, water-vamscular trunks ; 8, vaginal eanal.~Afver 
Sha Bouter | from Uegenbaut, 

the 600th from the head. Teuckart has snggested that 
the young of this tape-worm originate in salmon and 
trout. 

The sheep-hydatid is the larva of Tenia conurns (Figs. 
110 and 111), the adult infesting the dog. The presence of 
one or several of the hydatids in the brain of the sheep pro- 
duces the “staggers” or vertigo. The vesicle varies in size 
from a pea to a pigeon’s egg. It is bladder-like, filled with 
# clear pale yellow albnminous secretion, with a great num- 
ber of retractile papillw (D, 9), which are the tape-worm heads 
connected by narrow stalks to the common vesicles support- 
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trea 80d Cestodes. Caryophyllaus 


ee Se itor mutabitis Radolphi lives in 

= the intestines of Cyprinoid 
. the young in aworm, Twbifer rivulorum. 

Tetraryhackus is provided with four very long slender 


In Ligula the body is ribbon-shaped, not jointed, with a 
series of sexual organs, and there are no suckers, and some- 
times no hooks. LZ. simplicissima Rud, lives in fishes and 
amphibians, and attain maturity in the intestines of water- 
birds, which feed on the former animals. This genus con- 
nects the simpler tape-worms with Bothriocephalus and 
Tenia. 


Crass L—PLATYHELMINTHES, 


More of leat flattened worms, with the body wswally unaegmented + the 
Dead in the Ceatodes often armed with hooks or mekera. Simple or branched 
(Turtellaria) or forked (Trematoda) digestice tract, but no general bedy- 
carily, (The digestice cavity ia entirely wanting in the Cestodes.) Nersows 
ayatews represented by a cephalic ganglion, which in the Ceatodes is absent. A 
sytem of veasels corresponding to the water-caseular system of Echinoderms, 
bet supposed to bs mainly ezerctory in function, Moneeious, rarely Ue 
vexval. Ovarica differentiated into a germigens and citellagene ; often jar 
thenogenctic, accompanied by strodslation in the tape-srorma, When alter 
nation of generations occurs by budding, the sexual animals are writed with 
thelr wuree or a serwat form into a polymorphic colony, 

Order 1, Turbellaria.—Flattened ovate worms, with a nerrous gan- 
giion in the head ; usually eye-specks ; tody externally ell 
ated, with a much-branched digestive canal, Noettling 
organs often present. Unisexual, rarcly bisexaal ; strobi- 
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the specific and generic differences bemg very slight, They 
have a month and digestive canal (except in Kehinorhynchus), 
the integument being hard, chitinons, and not segmented 
(except in Desmoscolex, which approaches in this respect the 
annelids), and usually smooth, except in Bchinoderes, which 
is variously armed with hair-like spines. Each end of tho 
body is much slike, the mouth situated at the anterior end, 
and the anal opening at or near the conical tip of the body, 
‘There are two long vessels which extend from a single com- 
mon pore situated on the median line of the under side of the 
body, a short distance from the head ; these are supposed to 
be excretory vessels. In Ascaris and Ozyuris a nervous ring 
surrounds the asophagus, from which two nervous 

one dorsal the other yentral, pass to thecnd of the body, and 
there are six other smaller longitudinal nerves, ‘Tho gangli- 
onic cells lie near the nervous ring, forming a subcsopha- 
geal, suprawophageal and lateral ganglion, and there is alao 
acandal ganglion. In some free-living Nematodes there ara 
eye-epecks. 

The Nomatodes are usually bisexual ; Pelodyles is her- 
maphroditic, while the same individual of Ascaris nigrovenasa. 
at first produces sperm-cells and afterwards eggs. ‘The males 
differ from the females in their smaller size and the 
curved end of the body. While most of thes: worms lay 
eggs, some, as in Trichina spiralis, bring forth their young 
alive. 

The mode of development of these true Nematode worms 
(Echinorhynchus excepted) so fur as known is quite uniform, 
growth being direct, without any metamorphosis. Tho 
germ is formed in three ways: (1) usually the egg under- 
goes total segmentation ; (2) others, as in Ascaris dentala 
and Oxyuris ambigua, do not show any apparent trace of Beg= 
mentation, while (3) in Cucnilanus elegans there is no yolk, 
the nucleus absorbing all the yitelline matter, which is lim- 
pid and transparent, The germ consists of a single series or 
circle of cells bent on itself, somewhat as in Fig. 120, which 
represents a little more advanced stago in Sagitta, and there 
are a few cells representing the endoderm. The embryo 
Tapidly assumes the adult form before hatching. 





THE SCHINORYNCHTS it~) 


Order 1. Acantheerphaii.—These are aberrant Nexatode 
worms (sometimes referred to a separate class), withect = 
mouth or digestive tract, but with an extensible sp 
living by imbibition of the @uide of the slimentary canal of 
their host. 

The thick subcuticnla is penetrated by a network of tes 
mls, whore tranks form two oval ledies of ankmew= aor 
called course which hang 
The sexes of Echinorhynchus sre distinc’ 
nenally spindle-shaped. The embryo develops 
of the parent worm, and is surrounded by several membranes, 
with a cirele of hooks arranged bilaterally arcand the mouth. 
The embryo contains an oral mass of nockei che > 


388 — BeAdnoryeckas, beat wtrected end ts he mood foot eroriet nag 
© oval pore | 6b, protractBe memnier ; ¢ ¢, bem — Afar Owen 

dimentsa of an intestinal canal. Finally 

some crustacean or insect, in whose body 

developed, that when ite host is swallowed by some 

such as a fish, the embryo is liberat 

second (vertebrate) hast and soon atts! 

Nearly a hundred species are known. 

Echinorhynchus gigas, the female of + 

tres (20 inches) in length, Lives in the «m 

pig. Ite eggs pass out, becoming scattered on the 

where they are eaten by the white grab or larva of th 

pean cockchafer, The egg-membranes bare 

of the grub, and the embryos thns liberst 
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means of their spines, through the intestine into the body- 
cavity of the larva, where they become encysted, and the latter 
being in the beetle state devoured by the pig, finish their de- 
velopment in the intestines of the latter animal, (Schneider.) 
The embryos of this species also occur in the land-snails, and 
those of &. claviceps have been found in fresh-water snails 
(Limnea). Young Echinorhynchi occurring in the 
crustacean, Cyclops, become mature in a fish (Gadus lota), 
Lenckart has also found that a sexless form living ina fresh- 
water crustacean, Gammarus puler, becomes developed to 
sexual maturity in the perch, which feeds on the crustacean. 
‘They attain the mature form, thongh the eggs are not ripe, 
in eight or ten weeks after the eggs from which they hateh aro 
laid, and look like round or oval yellowish balls from one to 
one and « half millimetres in length. The males mature in 
about a week after the females, 

The primary host of Lchinorhynchus angustalus is the 
fresh-water sow-bug (Asellus). After the ogys find their 
way into the intestines of the Ascllus, the embryos, on hatch- 
ing, pass through the walls of the hinder part of the chyle- 
stomach of the Asellus into the body-cavity, by means of 
the embryonal, deciduous neck apparatus; and, as in 2, 
proteus, the embryos lie between the chitinons walls of the 
intestine and the museular layer. The embryos are round- 
ed, more or less spindle-shaped, with a so-called rdimentary 
digestive cavity indicated by a central circle of cells, the 
cells of the body-walls being situated in a parenchymatous or 
protoplasmic mass (plasmodium), being thus comparable to 
the blastoderm of some insects. The embryo is 0.09-0.1 
millimetres long, The form of the body now becomes irreg- 
ularly oval or cylindrical, being quite protean in shape, with 
often a projection on one side of the end of the body. Tho 
Echinorhynchus form then begins to appear, the metamor- 
phosis being very marked. ‘The first step is the moulting of 
the embryo or larva, which loses its spines. After a fow 
weeks the Echinorhynchus form is attained, the body being 
elongated, and with the reproductive organs developed, but 
with no hook-apparatus. It is now 7 to § millimetres in 
length, and almost as long as its host, the Ascllus; the males 
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boing emaller and shorter than the females. With the ex- 
ception of the skin and lemnisci, all the parts of the adult 
worm, the nervous and reproductive systems as well as the 
beak, originate in the primitive 
rudimentary digestive cavity, 
appearing as rounded masses of 
cells of like size, but differing in 
structure histologically. With 
the growth of the beak begins 
the development of the repro- 
ductive apparatus, and the hooks 
are simply modified colls, with 
the outer surface chitinized. 
Order 2. Nematodes.—The first 
suborder of this group, compos- 
ing the true ronnd worms, ix re- 
presented by Ascaris, Ozyuris, 
Trichina, etc. Tho hoaman 
round worm, Ascaris lembri- 
coides Linn. (Fig. 113), is ro- 
markable for its large size, and 
may be recognized by its milk- 
white color, as well as by the 
three papille around the mouth, 
It inhabits the intestines, somo- 
times the stomach and wsopha- 
gos, and has been known to por- 
forate the walls of tho intestine. 
‘The species of Ascaris are very 
numerous, infesting mammals, 
and éspecially fish, often occur- 
ring eneysted in the flesh of the 
cod and other edible salt and 113.— Ascari fan 
fresh water fish, but aro as a femed? ete sar ron 
rule harmless, Ascaris mystaxr foandcidy titecfolte, 
ag in tho intestines of tho Blunt sis: ¢ te cud of ¥ 
The common pin-worm lives in the rectum of children, 
Tt is the Ozyuris vermientaris Linn. (Figs. 114, 115). The 
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fomale is white and from eight to ten millimetres in length; 
the male is only two or three millimetres long. 

‘The largest known round worm is the palisade worm, or 
Eustrongylus gigas Rudolphi, the female of which is a 


same calarged — 
After Besedes. 


male, natural sire; 

te same evlarged.— 

After Beneden, 
metre (about 39 inches) in length, and the size of a quill; 
the male is one third as long. It is rare in man, and occurs 
especially in the intestines, and sometimes the kidneys of 
such mammals as live on fish. ‘The mouth is surrounded 
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while the male is unknown, The worm lives in tho con- 
nvctive tissue under the skin, especially of the extremities. 
As the body of the female is full of young, the worm hus to 
bo carefully and slowly extricated, eo us notto be broken amd 
cause the embryos to be scattered under the skin of the host, 
Carter regards a small worm ( Urolabes palustris) frequent in 
brackish water, as the immature form of the Guinea-wornm. 
It is also believed that the embryos enter the bodies of water- 
fleas (Cyclops, ctc.), and there moult, and that consequently 
they may be introduced into the body by drinking standing 
water ; but this has not been proved. Other species live in the 
peritoneum of the horse and apes, and an immature species 
(Filaria lentis) hos been found in the lens of the human 
oye. Pileria sanguinis-hominis is aworm of microscopic 
size found living in the blood of the mosquito in Indix and 
China, It is said that the eggs are swallowed in the water 
drunk by man, are hatched in his intestines, and obstruct 
tho smaller blood-vessels, causing, it is claimed, various 
forms of elophuntoid disease, perhaps even leprosy. ‘The 
mosquito sucks up the parasite in the blood of leprous pa- 
tionts, voiding the eggs in the pools it frequents. ilaria 
hematioe hus occurred in the blood of the fetus of « dog 
whoso heart was filled with them, Ears of wheat aro 
oftun Infested by a minute Nematode (Zylenchns scandens 
Schneider, Anguil- 
lula tritict of Neeil- 
ham, Fig. 118). 
Other species live in 
flowers, moist earth, 
and sonr decaying 
substances, Anguil- 
Tula aceti Ehren 
berg is from one to 
two millimetres in 
length, and lives fy 
: Fiothred ua vinegars 
feauy to hatch. nape Cutis sie Dave, =" — The genus Chenlo~ 
soma lives free in 
the sea, and has a broad ewollen head beset with fine hairs, 
It apparently conncets the trae Nematodes with Sagitla, 
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reminding asin this respect of Hehinorhynchi, but the em- 
bryos, lurve and adult have » well-developed alimentary 
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‘The hair-worms belong to the genera Mermis and Gordius. 
In the former genus the head is Lesct with papille, and the 
end of the body of the male is undivided, while the oviduct 
of the female opens in the middle of the body. The larva 
is unarmed and has no metamorphosis, Mermis acuminata 
Leidy is pale brown and parasitic in the body of the eater- 
pillar of the coddling moth ; another species lives in the 
bodies of gmsashoppers. 

The true hair-worm, Gordins, has no papille on the head, 
and the tail of the mule is forked, while the oviduct of the 
female opens at the end of the budy. ‘The following account 
of the development of the common Gordius agquaticus Lion. 
which isa parasite of the locust and other insects, and is 
common to Europe and this country, is taken from Villot’s 
* Monographie des Dragouncaux.” 

Tho eggs (Fig. 119, A) are laid in long chains; they ar 
white, and excessively nnmerons, The yolk undergoes total 
segmentation (Fig. 119, 2). At the close of this period, 
when the yolk is surrounded by a layer of cells, the germ 
clongates at what is destined to be the head-end ; this layer 
pushes in, forming a cavity, and in this stage it is called w 
“gastrula” (C). By this time the embryo becomes pear- 
shaped (D); then it elongates, Subsequently the internal 
organs of digestion are formed, together with three sets of 
stiff, spine-like appendages to the head, while the body is 
divided by cross-lines into segments. The head lies retracted 
within the body (2). 

In hatching, it pierces the egg membrane by the aid of its 
cephalic armature, and escapes into the water, where it passes 
the carly partof itslife. Fig. 119, 7, represents the embryo of 
Gordius aqnaticus greatly magnified. It will be seen how 
greatly it diffors from the adult hair-worm, having in this 
stage some resemblance to the Acanthocephalus by its cephalic 
armature, to the Nematoiden or thread-worms by its alimen= 
tary cunal, und in the nature of its secretory glands to the 
Jarves (cercaria) of the Trematodes or flake-worms. But the 
halir-worm differs from all these worms and even Mermis, & 
hair-worm much like and easily confounded with 
in haying 4 complote metamorphosis after leaving the egy. 
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Crass Ifl.—Roratonta (Rotifers). 


General Characters of Rotifors.—Tho Rotifera, or wheol- 
animalcules, aro abundant in standing water, in damp moss, 
ete,, and in the ocean, and are so transparent that their in- 
ternal anatomy can be studied without dissection, while they 
ar so minute, being from one forticth to three handredths 
of an inch in length (§ to ¥ mm.), that high powers of the 

microscope are needed in 
studying them, They are 
of special interest from 
the fact that after being 
dried for months to such 
a degree that little if any 
moisture is left in the 
body, they may be revived 
and become active. Pro- 
fessor Owen has observed 
the revivification of 
Rotifer after having been. 
kept for fonr years in dry 
sand, 

As an example of the 
ordinary type of Rotifer 
we may cite Squamella 

Fig. 191.—Syvanattn oNswaa. magnified 2 om oblonga (Big. 121), which 
Ginmetors. A view from helow: shell orcas, is allied to Brachionna. 

a. The characteristic organ 


netorior caruers of ihe e 
Or tho aval, fat area ain ai helower of the wheel-animaleules 


velan 


ve is the weltm (2) or pair 

cof of ciliated wheel-like flaps 
ee eT cauviory veoniist ar iyi, ag on cach side of the head, 
two largely developed young.— Af which is comparable to 
the yelam of the larval mollusk. By means of the rotatory 
movements of this velum the creature is whirled swiftly 
around, Tho body is broad and flattencd, with the walls 
often dense, chitinous, sometimes shell-like, and variously 
soniptured, or the animal may be long and worm-like, as in 
Rotifor vulgaris (Fig, 122). The body is composed of several, 
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which are attached to the funnel and 
the summit of the mastax. The latter 
into the esophagus, “a membranous 
of greatexpansion and contraction, 
much in length and diameter in 
gener.” Gosse also states that a cur- 
of water appears to be almost constantly 
through the funnel and mastax, and 
¢ esophagus into thestomach ; 
is quite large, and provided with so- 
“pancreatic” glands, emptying into the 
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There are also hepatic follicles 
the intestine ends in a rectam 
lutter opening at the base of 

In Notommata, the digestive canal 
sac, and in such mule Rotifors 


RELE 


There are no vascular or respiratory organs, but (23, 

# system of long, convoluted excretory tubes, 

one on cach side of the body, which, as in the Tromatodes 
and Costodes, unite in a common, large contractile vesicle 
which opens into tho end of the intestine. These tubes, 
which are in ciliated, correspond to the segmental or- 
guns of ; they are open at the end, the cavity of 
the tubes thas communicating with the body-cavity. 





folding of tlw blastoderm (ectoderm) forming the primitive 
moath, which remains permanently open, the mouth not 
opening at the opposite end as in Sagitta, but the entire de- 
velopment of the germ is much as in the mollusk 
as Salensky often compares the earliest phases of devel- 
opment of this Rotifer with those of that mollusk, 
“‘trochal disk,” or velum, arises in cortain 
a a welling on each side of the primitive infoldi 
There is coon formed at the bottom of the primitive in- 
folding now hole or infolding of the ectoderm, which ix 
the tras month and pharynx, while a swelling just behind 
the month becomes the under lip. The stomach and utes 
tino aie originally from tho endoderm. 

Soon after, the two wings of tho yolum become well 
nurked (Pig. 123, 0), and their relation to the head is as 








Laboratory Werk.—The Retifers can anly be studied while alive end 
ns transparent olrjects. Little is known about the American species, 


Crass IV.—Potrz0a (Moss Animals), 


The Polyzoa, 


though not commonly met with in fresh 


water, are among the commonest objects of the seazhort. 
They are minute, almost microscopic ereatares, social, 


mm gmae 
their likeness to mosses the name Bryozoa was given to the 


group by Ehrenberg, a year after Thompson (1830) had 
called them Polyzod, so that the latter name has priority. 


grow. 
ing in communities of cells (called poly- 
zoaria or corms), forming patches on sea~ 
weeds and stones (Fig. 124, Membranipora 
solida Pack.). Certain deep-water 
grow in coral-like forms (Fig. 125, Afyrio- 
zoum subgracile D'Orbigny), while the 
chitinons or horny Polyzoa (Big, 126, 
Halophila borealis Pack.), are often mis- 
taken for sea-weeds on the one hand, and 
Sortularian Hydroids on the other, From 
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The month is situated on a disk (lophophore, Fig. 127, B), 
bearing the tentacles, which are hollow processes of 
body-walls, communicating with the body-cavity, the blood 
flowing into them, there being wérated, while they are exter- 
nally ciliated. They serve both to cateh food and for respir- 
ution as makeshift gills. Hyatt states that the tentacles are 
used not only to catch the prey, but for a multitude of other 

offices, They are cach capable of in- 
dependent motion, and may be twisted 
or turned in any direction ; bending 
inwards, they take up and discard 
objectionable matter, or push down 
into the stomach and clear the 
a@sophagus of food too smull to be 
acted upon by the parictal muscles. 
They are also employed offensively in 
striking an intrusive neighbor, and 
their tactile power, sensitive to the 

. slightest unusual vibration in the 
water, warns the polypide of the ap- 
prouch of danger. 

The digestive canal hangs free in 
the body-cavity, only attached by the 
month and anus to the walls of the 
body. It consists of a pharynx, a 
large stomach, and an intestine which 
LS lies by the sido of the pharynx, since 
the canal has a simple deep dorsal 
flexure, the vent being situated on 
the dorsal or cardiac side, near the 
mouth. Usually the stomach is tied 

: . by a sort of ligament (/unioulus) to 

cone the cell: le a point on the body-walls, near the 
tne Hreinictor mule month, ‘The nervous system is Tep- 
resented by a double ganglion form- 

ing a single mass situated between the mouth and vent; it 
is highly contractile and changeable in form. There is no 
heart nor any circulatory apparatus. ‘The sexes are united 
in a single polypide, the glands forming masses growing on 
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‘These daintily feel about for the cause of the alarm, and, if 
they fail to detect the proximity of an enemy, the whole 
fascicle is cautiously pushed out, and the sentient threads 
suddenly and confidently unfolded. 

**Tho polyzoén reasons from the sense of touch inherent 
in its tentacles, and cannot be induced to expose itself above 
the cancecium until thoroughly satisfied by these sensitive 
feelers that no danger is to be apprehended. In fuct, these 
plant-like creatures, singly mere pouches with a stomach 
hanging in the midst, exhibit greater nervous activity and 
‘animality,’ than we find among the more highly organized 
Ascidia, or shell-covered Brachiopoda.” 

‘The epistome is a fold of the lophophore, used to close the 
month and thus prevent the food from escaping from the 
mouth. It is tongue-like and vory pliable. **'The border is 
capable of a tactile motion similar to that of the haman 
tongue, and it takes cognizance of what passes into the 
mouth by frequent and repeated jerks toward the aperture” 
(Hyatt). It is situated immediately over the ganglionic mass, 
and between the anus and mouth, 

The Polyzoa, as regarded by Hyatt and others, are strue- 
turally nearly related to the Brachiopods, the higher forms 
of which, such as Teredratula and Rhynconella, have the res 
piratory tentacles similarly placed around the disk or lopho- 
phore, which is perforated at the centre by the mouth, and 
from which the alimentary canal hangs, with a dorsal flexure 
andanusnearthe mouth. ‘The extension of the lophophore 
into two or three spiriform arms, the complex structure of 
the tentacles and of the muscular and nervous systems, are 
all more or less foreshadowed by the condition of those sys- 
tems among the higher Polyzoa.” On the other hand, the 
Polyzoa are closely related to the worms, the Gephyrean 
worm, Phoronis, being the connecting link. The mode of 
development of the Polyzoa and Brachiopoda are quite simi~ 
Jar, as will be seen farther on, and owing to these decided sim- 
Jarities in development and anatomy, the Polyzoa and Bruchi- 
opods form a natural group or series, distinct on the one 
hand from the Rotatoria, and on the other from the mollusks 
and worms. 








188 


‘The Polyzoa are divided primarily into the Zntoprocta, 
represented by Laxosoma alone, in which the vent is situated 
within the circle of tentacles, and tho Eeloprocta, in which 
the vent lies outside of the lophophore—a group comprising 
all the higher Polyzoa (Gymnolemata and Phylactoliemata). 

The development of the Polyzoa is uot very complicated. 
In the marine forms, as studied by Barrois, the germ pussea 
through a morula stage ; after which the cells are arranged 
into two halves, separated by a crown of cilia; at this stage 
it is called a Mastuia, Attho time of birth the ciliated germ 
is a disk-shaped gastrala, with two opposite faces or onds, 
separated by the crown, one (aboral) bearing in its centre 
the mouth-opening. ‘This ciliated free-swimming top-like 
gastrula stage is called af 

After swimming about as ciliated larvw (trochospheres), 
the shell or ectocyst develops, and the larva becoming station~ 
ary, the cystid forms, its calcareons shell develops, and finally 


= piyees is indicated, and the primitive cell is gradually 


ye soon in Phalangella flabellana, tho larva, after becoming 
fixed to some object, consists of a white pyriform mass, 
closely enveloped by an ectocyst, with numerous fat globules 
between the latter and the white mass. The ectocyst swells 
into a discoidal sac, with endocyst, ectocyst, and an external 
zone, While the internal whitish mass transforms into the 
polypide. Tho discoidal sac formed by the endocyst consti- 
tutes simply the basal disk of the primitive cell, Tho future 
opening of the cell appears on the upper surface of tho cell. 
The budding ont of the secondary cells of the polyzoarium 
or corm then takes place, It begins by the appearance of a 
coll placed in front and below the primitive cell, and which 
borders it on cach side ; its secondary cell then divides into 
two, cach of which snccessively gives origin to three cells, 
and we thus arrive at an Jdntonea stage; and finally the 
Phalangelia stage is reached, the process being a dichoto- 
mous mode of budding quite analogous to that which pro- 
duces the broad, flattened corm of Fscharina, 

The development of Membranipora pilosa, which is very 
abundant on our shores, growing on sea-weeds, is of singn- 
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Crass IV,—POLYZOA. 


Animals wavally forming mmoeslike or coral-tike caleareoua or chitinous 
masses called corms, cach cell containing a worm-tlike animat, with the di- 
geatice tract flered, the anus edtuated near the mouth, The body wewally 
draien in and out of he cell by the action of retractor and adituctor murclen, 
The mouth surrounded by a crown of long tentacles, No heart or vasculier 
system. Nereows system consisting of a ingle or double gangtion situated 
tehecen the mouth and eent, with nervea proceeding from it, Hermaphro- 
ditic ; multiplying by budding or eggs. The embryo passing through 
morula, gastrula and trockoephere stage, the corm deing formed by the 
budding of numerous celta from « primitive one. 


Order 1. Entoprocta,—Vent within the lophophore. (Loxosoma.) 
Order 2, Ketoprocta.—Vent without the lopbophore, (Lepralin, Ee 
chara, Idmonca, Myriozoum.) 


Laboratory Work—The Polyzoa are too small to dissect, and 
must be studied while alive as transparent olsjects, and may be kept 
in aquaria. The corms in part or whole can be mounted for the mi- 
croscope as opaque objects, 


Crass V.—Baacnioropa (Lamp Shells). 


General Characters of Brachiopods.—This group is named 
Brachiopoda from the feet-like arms, fringed with tentacles, 
coiled up within the shell, and which correspond to the 
lophophore of the Polyzoa and the crown of tentacles of the 
Sabella-like worms, From the fact that the animal secretes 
a true, bivalved, solid shell, though it is nsnally inequivalye, 
é.¢., the valves of different sizes, the Brachiopoda were goner- 
ally, and still are by some authors, considered to be mol- 
lusks, though aborrint in type. They may be rogarded as a 
synthetic type of worms, with some superficial molluscan 
features. The shell of our common northern species, Tere- 
bratuling seplentrionalis, which lives attached to rocks in 
from ten to fifty or more fathoms north of Capo Cod, is in 
shape somewhat like an ancient Roman lamp, the upper and 
larger valve being perforated at the base for the passage 
through it of a peduncle by which tho animal is attached 
to rocks. The shell is secreted by the skin (ectoderm), and is 
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the anterior part of the body of Lingula. The mouth is 
bordered by two membranous, highly sensitive and movable 
lips. The stomach iso simple dilatation of the alimentary 
canal, into which empty the short ducts of the liver, which 
is composed of 
massesof cech, 
‘The liver origi- 
nally arises as 
two diverticula 
or offshoots of 
the stomach, 
The short in- 
testine ends in 
a blind suo or 
7 in a vent, and 
“ is, with the 
‘ eeaophnzns > 4, stomach t a. , stomach, freoly 
oo ear tae sr pala mer suspended in 
theperivisceral 
cavity by delicate membranes springing from the walls of tho 
body. (Fig. 129.) In those Brachiopods allied to Terebra- 
tila, Terebratulina, Thecidium, Waldheimia, Rhynconella, 
ete., the stomach ends in a blind sac, and there is no vent, 
the rejectamenta escaping from the mouth. In Lingula and 
Discina there is a vent which terminates anteriorly on the 
right sido. In Lingula 
the intestine makes a 
few turns, while in Dis- 
cina it makes a single 
turn to the right. 
The nervous systom i 
consists of two small 4. 4 MS eee es fcy 
ganglia above, and an dood: mspendiog the Tntcation te paises 
inframsophageal pair of Grass’ i, ines gy plile wn nein alter 
larger ganglia, and there ™°"* 
are two clongated ganglia behind the arms, from which nerves 
are given off to the dorsal or anterior lobe of the mantle. 
From the infrawsophageal ganglia two lateral ventral cords 
pass backwards, in their tract sending off delicate threads, 
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bang in closters from the genital bands in the perivisceral 
cavity, The mature eggs detach themselves from the ovary 
ty float freely in the perivisceral cavity, whence they pass into 
the flaring, ciliated months of the segmental organs, and are 
discharged by them into the water. These segmental organs 
or oviducts aro tubular, trumpet-shaped, as in the true 
worms (Fig. 131). In Lingula, Discina, and Terebratulina, 
there is but a single pair, in Rbynconella two pairs. Tho 
external orifices of the oviducts form simple slits, while in 
Terebratulina they project from the anterior walls like 
tubercles, as in the trae worms (Morse), The spermaries 
occur in the same situation in the perivisceral cavity as tho 
ovaries. As observed in Terebratulina, by Morse, in a fow 
hours after the eggs are discharged the embryos hatch and 
become clothed with cilia. Kowalevsky observed in the egg 
of Thecidinm the total segmentation of the yolk (also ob- 
served in Terebratulina by Morse), until o blastoderm ia 
formed around the central segmentation cavity, which con- 
tains a few cells, The similar formation of the blastoderm 
was seen in Aryiope, but not the morula stage. After this 
the ectoderm invaginates and a cavity is formed, opening 
externally by a primitive mouth. The walls of this cavity 
now consist of an inner and outer layer (the endoderm and 
ectoderm). This cavity eventually becomes the digestive 
cavity of the mature animal. 

In Terebratulina Moreo observed that the oval ciliated 
germ became segmented, dividing into two and then three 
rings, with a tuft of 
long cilia on the an- 

roy ¢ terior end (Fig, 132, 
Os ~m We A). In this stago the 
wv) Se 


D 


larva is quite active, 
swimming ripidly 


abont in every direc 
Wig 131— Larval stages of Terebratulina — tion, 

Soon after, the germ 
loosca its cilia und becomes attached at ono end asin Fig. 
182, B (o, cephalic segment ; 4, thoracic segment; p, pe- 
duncalar or caudal segment). ‘The thoracic ring now in- 
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fannel-shaped 
canal, the open end of which terminates 
beside tho rectum. 

‘The heart is a large pulsatile sac situated 
between the two lobes of the stomach. ‘The 
nervous system iy much moro fully developed 
than in other Tuniecates, and is constructed 
on the trnc Vermian typo, consisting first of 
a ganglion situated below the mouth on the 
side opposite tho atrial opening and opposite 
the anterior end of the endostyle. This 
nerve-centro throws off nerves to the sides of 
the mouth, and from it posteriorly extends a 
long cord past the esophagus to the base of 
the tail, thence it extends along one side of 
the axis of tho tail (urochord), swelling at 
regular intervals into emall ganglia, from 
which from two to five small nerves radiate. 
On the cephalic ganglion a ronnd ear-yesicle 
is attached. Behind tho posterior turn of 
the digestive canal is the testis and ovary, 
tho Appendicularia being hermaphrodite, as 
Fol claims, though the ovary is developed 
later than the testis, The Appondicularia 
has no test, but secretes a fibrous envelope, 
which is at first golatinons, loosely surronnd- 
ing the whole body, and allowing the creature 
the freest motion within its cavity. 

‘Tho general structure of an Ascidian may 


m perlups be more readily comprehended by a 
‘ study of acompound Ascidian (Amaracium), 


which grows in whito or flesh-colored masses 
on sea-weeds, cto, On removing an Ama- 
racium from tho mass and placing it under 
the microscope, its structure can be per- 
ceived. The body is long and slender, os 


in Fig. 137. The mouth leads by tho capacions bran- 
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metrical relation of parts seen in the trae worms, and which 
Eee meeen he oasis eae ae are mod. 
‘worms. conclusion is strengthened by the fact 
that in Appendicnlaria tho yentral nervous cae gangli- 
onated at intervals, as in tho Annelids, while the twisted 
digestive tract is much as seen in Polyzoa and Brachiopods. 
Furthermore, the branchial sac is strongly analogous to tho 
Perea or gill-sac of Balanoglossus, and this structure it 
the Ascidian und whale’s-tongue worm anticipates the pha- 
ryngeal or gill-sac of Amphiorus and vertobrate ombryos. 

‘The simple Ascidians attain to a largo size, Ascidia callosa 
being about ten centimetres in diamoter, quite round, and in 
form and color bears a strong resemblance to a 
Ascidia gigas, dredged by the Challenger Expedition, is from 
thirty to forty centimetres in diametor, and has a ganglion 
nearly us largo as a pea. A floating colony of Pyrosoma 
gigas is sometimes five feet long. Cynthia pyriformis Rathko 
may be called the sea-peach, from its size, form, and the rich 
bloom and reddish tints of its test. It is common in deop 
water from Cape Cod to Greenland and Scandinavia. 

While tho Ascidians as a role do not live below a depth of 
150 fathoms, the stalked Hypobythius calycodes Moscley was 
dredged by the Challenger Expedition in 2900 fathoms in 
the North Pacific Ocean; it is stalked, and about twenty 
inches high. The aberrant Octacnemus bythius Moseley was 
also dredged in 1070 fathoms near the Schouten Islands, 
‘Tasmania. 

Panceri has described tho Iuminons organs of Pyrosoma, 
which is highly phosphorescent ; the substance from which 
tho light is emitted is probably a fatty matter, 

Ascidians multiply by budding and by eggs. Examples of 
budding or germination are seen in the compound or social 
Ascidians, such as Amarectum, ete., where the individuals of 
the colony bud ont from tho primitive one justas it has loft 
the larval condition and has bocomo fixed. In Didemnium 
buds arise from masses of cells floating free within the test. 
‘They multiply by division as soon ax the digestivo and repro- 
ductive organs are indicated. In Botrylns the zooid which 
results from the tadpole-like larva sorves, according to 


| 
| 
| 
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from the upper part of the germ, ‘This is the central ner- 
yous system, and in the cavity are subsequently developed 
the sense organs. We thus sve, says Kowalevsky, a com- 
plete analogy in the modo of origin of the nervous system of 
the Ascidians to that of the vertebrates, the nervous cavity, 
where the embryo is sccn in section, being situated above 
the digestive cavity in both types of animals, 

The next important stage is the formation of the tail. 
The pear-shaped germ clongates and contracts posteriorly 
until of the form indicated at Fig, 138, B, At this period 
appears the axial string of nucleated cells, called the chorda 
dorsalis, oa it is homologous with that organ in Amphiorus 
and the embryo of higher vertebrates. The nervous system 
consists of a mass of cells extending halfway into the tail 
and dirvetly overlying the echorda, bat oxtending far beyond 
tho end of tho latter as scen in the figure. Tho nerve-cay- 
ity (B, ») after closing up forms the nerve-vesicle, a large 
cavity (Fig. 139, @), in which the supposed anditory organ 
{e) and the supposed oye (@) arise ; this cavity finally closes, 
and the sonso-organs are indicated by certain small masses 
of pigmont cells in the fully grown Ascidian larva. 

As tho embryo matures, the first change observed in the 
cont is the appearance of small, refractive bodies between 
the cells, Between the neighboring cells soon appear in the 
middie minute highly refractive corpuscles which increase 
in size, and press the cell-contents ont of the middle of the 
cont, After each reproductive corpusclo grows so that the 
central substance of the cell ix forced ont, it unites with 
the others, and then arises in the middle of the simple cel- 
Ynlar cord a string of bodies of a firm gelatinons substance 
which forms the support of the tail. After this coalescence 
the substance develope farther and presses out the proto- 
Plann of the cells entirely to the periphery. The cond when 
completo consists of a firm gvlatinous substance surroanded 
by acellular sheath which is formed of tho remains of the 

ing wader the epithehal layer form a muscolar sheath of 
’ the cond (Fig. 158, ¢} is the support or skeleton. 

‘The alimentary cavity arises from the primitive cavity 
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(Fig. 138, A, A); whether the primitive opening (Fig. 138, 
A, a) is closed or not, Kowalersky says is an interesting 
“ : . ra 


extending 

tail, while in the body of the 

larva it becomes broader, 

¢lab-shaped, and surrounds 

the sensitive cavity (a), but 

he also detected three pairs 

of spinal nerves (s) arising at 

regular intervals from the 

spinal cord (4, A’) and dis- 

tributed to the muscles (not 

represented in the figure) of 

the tail; Kupffor calls # the 

middle and g the lower brain- r 
eS eee ee 


One of the three appendages by which the larva fastens 
itself to some object when about to change into the adult, 
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sessile condition; ¢ indicates the body-wall, consisting of 
epithelial cells. 

We will now, from tho facts afforded us by Kowalevsky, 
trace the changes from the larval, free-swimming stato to 
the sessile adult Ascidia, which may be observed on the 
New England coast in August. After the larva fastens itself 
by the three processes to some object, the chorda dorsalis 
breaks and bends, the cells forming tho sheath surrounding 
the broken axial cord. The muscular fibres degenerate into 
round cells and fill the space between the chorda and the 
tegument, the jelly-like substance forming a series of wrin- 
kles. With the contraction and disappearance of the tail bo- 
gins that of the nerve-vesiele, and soon no cavity is left, The 
three processes disappear ; the pharynx becomes quadrangu- 
lar; and the stomach and intestine are developed, being 
bent under the intestine, .A mass of cells arises on the an- 
terior end beneath the digestive tract, from which originate 
the heart and pericardium. Ina more advanced stage, two 
gill-holes appear in the pharynx, and subsequently two more 
slits, and about this time the ovary and testis appear at tho 
bottom, beyond the bend of the alimentary canal. The free 
cells in the body-cavity ure transformed into blood-cells, and 
indeed the greater part of those which composed the neryous 
system of the larva are transformed into blood-corpuacles, 
Of the embryonal nervous system there remains « very small 
ganglion, no new one being formed. The adult Ascidian 
form meanwhile has been attained, and the very small indi- 
viduals differ for the most part only in size from those which 
are full-sized and mature. 

Tt will be seen that some highly important features, recall- 
ing vertebrate characteristics, have occurred at different pe- 
riods in the life of thoembryo Ascidian. Kowalevsky remarks 
that “ the first indication of the germ, the direct passage of 
the segmentation cells into the cells of the embryo, the for- 
mation of the segmentation-cavity, the conversion of this 
eayity into the body-cavity, and the formation of the digos- 
tive cavity through invagination—these are all occurrences 
which are common to many animals, and have been observed 
in Amphiocus, Sagitta, Phoronis, Echinus, eto. The first 





RELATION OF ASCIDIANS T0 VERTEBRATES. 207 


point of difference from other animals in the development 
of all vertebrates is seon in the formation of the dorsal 
ridges, and their closing to form a nerve-canal. ‘This mode 
of formation of the nervous system is characteristic of the 
vertebrates alone, except the Ascidians. Another primary 
character allying the Ascidians to the vertebrates, is the 
presence of a chorda dorsatis, first scen in the adult Appen- 
dicularia by J. Maller. This organ is regarded by Kowal- 
evsky to be functionally, as wellas genetically, identical with 
that of Amphioxus. This was a startling conclusion, and 
stimulated Professor Kupffer, of Kiel, to study the embry- 
ology of the Ascidians anew. He did so, and the reaults this 
careful observer obtained led him to fully endorse the con- 
clusions reached by Kowalevaky, particularly those regarding 
the unexpected relations of the Ascidians to the vertebrates, 
and it would appear from the facts set forth by these emi- 
nent observers, as well as Metschnikoff, Ganin, Ussow, and 
others, that the vertebrates have probably descended from 
some type of worm resembling larval Ascidians more perhaps 
than any other vermian type, though it is to be remembered 
that certain tailed larval Distomm appear to possess an organ 
resembling a chorda dorsalis, and farther inyestigation on 
other types of worms may lead to discoveries throwing more 
light on this intricate subject of the ancestry of the verte- 
brates. At any rate, it is among the lower worms, if any- 
where, that we arc to look for the ancestors of the Vertebrates, 
as the Colenterates, Echinoderms, the Mollusks, Crastacea 
and Insects, are too circumscribed and specialized groups to 
afford any but characters of analogy rather than affinity. 

For example, the cuttlefish, with its “bone,” brain-cap- 
sule and highly-developed eye, is, on the whole, more remote 
from the lowest vertebrate, Amphioxus, than the Appendi- 
eularia or the larval Ascidian. 

Certain (three) species of Molgula have been found by 
Lacaze-Duthiers to have a nearly direct development, not 
producing tailed young. There is a slight metamorphosis, 
however, the young haying five temporary, long, slender 
processes. In Ascidia ampulloides the larva has a tail, no- 
tochord and pigment spots, which are wanting in the young 
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of several species of Afolgula, but it has the five long decid- 
uous appendages observed in young Molgula. Among the 
compound Ascidians, Bofrylius and Botryloides have tailed 
young, while in other forms there is no metamorphosis, do- 
velopment being direct. 

Order 2. Thatiacea.—On the whole, we may regard this 
order, represented by Salpa (Fig. 140), and Doliolum, as 
comprising the more specialized forms of Tunieates, Salpa 
is pelagic, one species occurring in abundance off the shores 

of Southern New England, while 
the others mostly live on the high 
seas all over the tropical and sub- 
tropical regions of the globe, Late 
in the summer our Salpa spinosa 
of Otto can be captured in multi- 
tudes by the tow-netin Long Island 
Sound. 

There are in Salpa two kinds of 
individuals, #.¢., the solitary, and 
aggregated or chain-Salpm. The 
body of the solitary or asexual 
form is more or less barrel-shaped, 
with a series of circular bands of 
muscles, like tho hoops of a barrel, 
and situated on the inner side of 
the outer tunic. ‘The test is trans- 

—Satpa minesa, Azin- parent, though thick, while 

aida foe ion attire «| the outer tunic ee the cavity of 

saps ‘iemonber ot the test as in other Tunicates, In 

the members of this order the oral 

Boner inaranve i aperture of the mantle is at one 

end of the body, and the atrial 

opening at the opposite end, the minute digestive canal bo- 

ing but slightly curved, the body-cavity being largely oceu- 

pied by the pharyngeal or respiratory suc. Moroover, tho dor- 

eal or hwmul side of the body ix clearly distinguishable from 

the ventral or neural side, as well seen in Doliolwn, where 
the well-marked tubular heart lies above the digestive 

and is directly opposed, as in worms generally, to the nervous 





STRUCTURE OF SALPA. 209 


system, which is situated ventrally betweon the mouth and 
vent. We thus have in these Tunicates a front and hind 
end of the body, a dorsal and ventral, as well as a distinct 
bilateral symmetry of the body, This is seen in Appendi- 
enlaria a3 well a3 in Doliolum and Salpa, however much 
this symmetry may be obscured in the more typical Ascidi- 
ana, snch as Ascidia, Molgula, Boltonia, ote. 

‘The oral aperture leading into the respiratory sac is large, 
being as wide as the body; the respiratory sac is more com- 
plicated than in other Ascidians, and more so than in Doli- 
olum, where it is a wide, deep passage, the esophagus at the 
hinder end, the sac itself perforated by two rows of bran- 
chial slits, four or five slits in each row. In Salpa, how- 
ever, the respiratory sac, a8 described by Brooks, is attached 
to the outer tunic, around the edges of the mouth, as in 
other Tunieates. There are only two branchial slits, one on 
each side; these are very large, and cover almost the whole 
surface of the branchial sac, except the median dorsal and 
hwmal tines. On the neural side the branchial slit opens 
directly into the atrium, the cilitted line where the two 
tunics unite being marked by the so-called “gill” (Brooks), 
In Salps, according to Brooks, the branchial sac, though 
ciliated within, is not so directly concerned in the respiratory 
act asin other Tunicates, since respiration is effected largely 
by the action of the muscles, which also assist deglutition, 
and are the organs of locomotion. These contract rythmi- 
cally, with great regularity, and at each contraction the 
water is expelled from the branchial sac through the atrial 
aperture ; and when the muscles are relaxed, the elasticity 
‘of the test distends the chamber, and a fresh supply is drawn 
in through the branchial aperture, the lips of which readily 
admit its passage in this direction, while a similar set of 
valves allows its passage out of the atrial aperture, but pre- 
vonts its return.” Thus a chain of individuals move with a 
uniform motion, while the solitary individuals and those 
which have boon set free by the breaking up of a chain, move 
by jerks. 

‘The digestive canal ix small, curved on itself, the asopha- 
gus leading from the bottom of the pharyngeal or respiratory 
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sac into a small stomach, the intestine bending back on 
itself, and the vent being near the mouth. The entire diges- 
tive canal is immovable, the food being driven through the 
permanently distended cavity by means of the cilis lining 
its inner surface. The great posterior blood-sinus surrounds 
the digestive system on all sides, the nutriment being di- 
rectly absorbed from its surface and mixed with the blood. 

‘The nervous system is, in adaptation to its locomotive life, 
more specialized than in the sessile forms, and highly spe- 
ciulized organs of sight and hearing are present. The heart 
is a short, complicated organ, lying in the sinus-system. Its 
action is often reversed ; the reversal of the beats tending 
to clear the sinuses of the blood-disks overerowding them. 
In one species of Salpa Prof. Brooks states that the blood- 
channels are in all cases sinuses, which are parts of the body- 
cavity and have no special walls, though in species investi- 
gated by other writers there aro said to be true blood-vessels, 
lined with epithelium. 

‘The hermaphroditic, aggregated or chain-salpa differs from 
the solitary asexual forfn in being less regularly barrel- 
shaped, and without the two long posterior appendages of 
the latter; in the proportions of the different organs, the 
two forms are essentially alike. 

The young chain is easily perceived in tho solitary indi- 
viduals in the posterior part of the body, curving around the 
digestive organs. When first set free from the body of the 
colitary Salpa, the chain is about half an inch long, and the 
single, individual Salpm composing itare about two and a half 
millimetres in length. They grow very rapidly, and soon 
reach their fall size, when the chains are often a foot or a 
foot and a half long ; the individuals composing them when 
fully grown being about two centimetres in length. The 
chain ¢asily falls apart, and the individuals are capable of 
living a solitary lifo, Huxley stating that the chain-individu- 
als of the species observed by him were generally found soli- 
tary; for this reason we should regard the chain-salpw as 
individuals, not zooids, boing capable of leading an inde- 
yendent oxistence, and with » structure almost identical with 
that of the solitary Salpe, 
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Brooks has studied the mode of development of the fomale 
and male Salpa spinosa (Fig. 140). When a Salpa-chain is 
Gisoharged from the body of tho asexual Salpa, each indi- 
vidual of tho chain contains a single ¢gg which is fertilized 
by sperm-cells of individuals belonging to some other chain, 
and after passing through the mulberry stage and entering 
the gastrula stage, the germ is in most intimate relation 
with the body of its parent. The vase-shaped gastrola is 
lodged in n brood-sae. Its body-cavity, originally formed by 
invagination of. the ectoderm, opens directly into the sinus- 
aystem of its nuree, and the blood now circulates in and out 
of the primitive digestive cavity as well as around the out- 
side of tho embryo. But as the embryo grows and fills the 
brood-aue, ao that tho outer surface of the gastrala becomes 
intimately connected with the wall of the brood-sac, the 
blood no longer bathes the outside of the ombryo. 

At this time the “placenta” is formed. Brooks believes 
that it originates directly from the blood, ‘by the aggrega- 
tion and fusion of its corpuscles,” not being derived from uny 
of the parts of the parent or embryo. Soon after its appear- 
ance it consists of an inner chamber communicating with the 
sinus of the norse, and having no communication with any 
af the cavities of the embryo ; its cavity being a part of the 
original “ primitive stomach” of the gastrula. It finally has 
two chambers, an innerand outer one, and Huxley describes* 
the fortal circulation in the placenta, a deciduous organ 
analogous in function, but by no means homologous in strue- 
ture, with the vertebrate placenta. 

When tho embryo of the solitary Salpa is about four 
millimetres (J, inch) long, and whilo still in the brood-sac of 
the paront, the tube which is to give rise to the chain ap- 


* The Mood-corpuseles of the parent may be readily traced enter 
ing te Inner sic on one side of the partition, coursing round jt, and 
finally re-entering the parental circulation on the other side of the par- 
Hitlon; while the fcetal blood-corpuscles, of a different size from those 
of the parent, enter the outer sec, circulate round it at a different rate, 
and eave it to enter into the general circulation of the dorsal sinus, 
More obvious still does the independence of the two circulations be 
come when the circulation of either mother or fartun Is reversed.” 
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pears within its body. We will now briefly trace the devel- 
opment of the chain-salpa, condensing Brooks's statement. 
The aforesaid tabe is at first simply a cup-like protrusion of 
the outer tunic into the cellulose test which now surrounds 
the embryo; the cavity of the cup is an offshoot from the 
sinus-system, the blood passing in and ont of it, A small 
bud-like protrusion now appears upon the surface of the per- 
icardinm, and lengthens to form a long rod or stolon, ex- 
tending across tho sinus and projecting into the cavity of the 
cup. At about this period a long, club-shaped mass of pro- 
toplasm appears within each of the sinus-chambers of the 
tube, and soon after the outer wall is constricted at 
intervals, cach segment being destined to form the outer tu- 
nics of the chain-salpre, the constrictions indicating the 
bodies of the latter. 

By the deepening of these constrictions, each of the 
sinus-chambers, which are diverticula from the body-cay- 
ity of the solitary Salpa, becomes divided up to form the 
body-cavities of the Salp# on one side of the chain. From 
the central tube of the stolon arises a row of buds on each 
side, which become the branchial and digestive organs of the 
Salpm on each side of the chain ; while a similar doable row, 
upon the other edge, gives rise to the ganglia. The club- 
shaped organs within the sinus-chambers become divided up 
into single rows of eggs, one of which passes into the body- 
cavity of cach chain-salpa at a yery early period of develop- 
ment. 

‘Thus, as Huxley states, budding occurs, not from the outer 
wall alone, as in Hydroids and Polyzoa, “but, from tho first, 
several components, derived from as many distinct parts of 
the parental organism, are distinguishable in it, and each com- 
ponent is the source of certain parts of the new being, and 
of these only.” Prof. Brooks udds that while these changes 
ute going on the constrictions on the surface deepen, the 
wall protruding from thom, and each is soon seen to mark 

f, on cach side of the stolon, the body of a young Salpa, 
soon becomes yisiblo to the naked eye. They do not 

_ sixo gradually from one end of the stolon or tube 

‘but develop in sets of from thirty to fifty each, 
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and the development of all which are embraced within a set 


progresses uniformly; there are usually three of these sets 
upon the tube of an adult solitary Salpa.* 

‘Thus the Salpa reproduces parthenogenetically as in some 
Crustacea and insects, and we have here a trac case of “ alter- 
nation of generations.” In 1810 Chamisso stated ‘that a 
Salpa mother is not like its daughter or its own mother, but 
resembles its sister, its granddaughter, and its grandmother.+ 

Immediately after the publication of Brooks’ researches 
on Salpa spinosa, those of Salensky on Salpa democratica- 
mucronata (a specics said to be closely allied if not identical 
with S. spinosa) appeared. According to the Russian ob- 
server, as stated by Huxley, who adopts his conclusions, the 
chain-salpa is a hermaphrodite, and the egg while still in 
the ovarian follicle is fertilized, when the oviduct shortening 
and widening forms a single uterine sac, the maternal and 


* The Development of Salpa, by W. K. Brooks. Balletin of the 
Maseom of Comparative Zoology, LIL, No, 14, Cambridge, 1870, We 
hnve prosented quite fully the author's account of the mode of devel- 
opment of the young asexual (his fernale) Salpa, without, however, 
adopting his tntorpretation of the sexea of the two kinds of individuals 
of Salpa ; believing his “female” Salpa to be ascxual, and hia “ male” 
Salpa to be hermaphrodite, with an ovary and testis, as he has not ap- 

observed the fact of the introduction of an egy into the body 
of his male” Sslpa. On the contrary, it appears to be developed 
o¥igioally inn true, simplo ovary or “ovarian folliclo;” the testis being 


especially by Louekart In the following words quoted by 
+ “It is now m settled fact that the reproductive organs are 

found only in the aggregated individuals of Salps, while the solitary 
Individaals, which aro produced from the fertilized eggs, have, in 
place of sexual organs, a bad-stolon, and reproduce in the asexual 
manner exclusively, by the formation of buds. Male and female 
‘organs are, 80 far a8 we yet know, united in the Salpw in ono Indi- 
" On the other hand, Todaro, 


tebrat, developed ina true uterus, tho neck of which, after the life of 
the einbryo begins, becomes plugged with macus, 
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‘ic parts of the placenta arising, respectively, from 
the wall of the ovarian sac and from certain large cells (blas- 
tomeres) on the adjacent (hsemal) face of the embryo. Thus 
the asexual development of the Sulpa is like that of the germ- 
masses destined to form the Cercaria developed in the body 
of the Redia of the Distoma ; and is also like that of the 
plant lice (Huxley). This is a reaffirmation and cxtension 
of the original view of Chamisso. 

‘To recapitulate, the life-history of the Salpu is as follows : 
There are two kinds of individuals: @, solitary, asexual ; J, 
social, aggregated, and hermaphroditic. 

(1.) The solitary, asexual Salpa produces by budding a 
chain of hermaphrodite Salpmw; the latter produce a fertil- 
ized 

(2.) Egg; which passes through »— 

(3.) Morala and— 

(4.) Gastrala stage, contained and growing in a placenta- 
like organ, where the embryo is directly nourished by the 
blood of the parent, the embryo finally becoming— 

(5.) A solitary asexual Salpa. 

We thus haye a true alternation of generations, like the 
soxless Hydroid and its sexual Medusa, the asexual Aphis 
and its last brood of males and females; the asexual Redia 
and the sexual Distoma ; in all these cases the offspring (6) 
of the asexual individual (¢) is unlike the parent, but the off- 
spring (¢) of the second generation () is like (a) the grand- 
parent. 

Lastly, while some true worms (¢.g., Balanoglossus), and the 
mollusks through the cuttle-fish, present strong features an- 
ticipating the vertebrate structure, the Tunicata seem more 
closely allied to the vertebrates, particularly Amphiorns, than 
any other invertebrate type. To sum up these resemblances : 
the larval Ascidian has a notochord, a spinal nerve-cord, 
and sets of spinal norves, like those of lowly organized or em- 
bryonic vertebrates, though these are morphologically on the 
ventral side of the body, as in other worms; the nervous 
cavity and its mode of closuro in the embryo is ns in the em- 
bryo vertebrate; the respiratory sac of the adult Tunicate 
resembles morphologically that of the Amphioxns. Conse- 
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quently, while as a matter of fact the Tunicates, ag a whole, 
resemble, and as it were anticipate, the advent of a verte- 
brate, like Amphioxns ; a8 a matter of pure hypothesis, the 
Vertebrates may have descended from animals like Tunicates. 
Bat we need not on this account dissociate the Tunicates from 
the worms, remembering their resemblance to Balanoglos- 
sus, and even to the Trematodes, and place them near Am- 
phioxus and the Vertebrates in general. But wo are obliged 
to leave them at this point and pass on to the consideration 
of the highly specialized worms and Mollusca, Crustacea, and 
Insecta, which are circumscribed, closed types of animals 
with possibly a vormian ancestry. 


Crass VI.—TONICATA. 


Rody weunily subspherical, or saetike, obscurely symmetrical + some 
times barrel-ahaped, bilateral, with a dorsal and ventral symmetry, pro- 
teeted by @ transparent or dense text, containing cellulose, lined within 
ty a tunie surrounding the bodycacity. Theo openings in the test, one 
oral, the other atrial ; mouth leading into a eapacious pharyngeal rea. 
piratory se, opening portoriorly by an asophagua into a stomach, which 
is prromidedd with a liver; intestine joned, cent opening near the aavphayus, 
the faces paming into an atrium or clonal apace, and theneo out of the 
atrial opening. Norcows system Vilateral, forming a dowlte gangtio- 
nated chain (Appendicularia), but waually reduced to a single ganglion, 
sitwated within the tunie between the treo openings ; a tubular heart, open- 
ing at each end, lodged ina sinusayatem, and ite beatings often recersed, 
the blood flowing in and out at either end. Sexes usually united ; in some 
forms asceval individuals; reproducing by eggs or budding partheno- 
genetically, or by gemmation. 


Order 1. Awidiacea.— Body mac-like, wabsphorical, usually neasilo, 
sometimes stalked, simple or compound, minute individuals 
growing In a common mass; the oral and atrial openings 
contiguous ; often acomplete metamorphosis, (Appendica 
Inrin, Botryllas, Amarccium, Clayellina, Perophora, As 
cidia, Boltenia, Pyrosoma), ‘ 

Order 2. Thalacea.—Body barrel-sbaped ; free-swimming, test thick, 
hyaline; with cirealar muscular bands; respiratory anc 
widely open; reproducing by alternation of generations, 
(Salpa, Dotiotam), 


4 
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Laboratory Work.—Tho Tunicates can well be studied only in 
8 living state; or sections of hardened Salpw may be made. The 
Foung, caught with the tow-net, should be tmmodiately examined, as 
they are very short-lived. Delicate sections of hardened eggs and 
larvae aro mado with great difficulty, but are necessary to examine in 
connection with the living more or leas transparent animals. 


Crass VII.—Nemerrina (Nemortean Worms). 


General Characters of Nemorteans.—The Nemertean 
worms occur abundantly under stones, etc., between tide- 
marks and below low-water mark ; they are of various col- 
ors, dull red, dull green and yellowish, and are distinguished 
by the soft, very extensile, more or less flattened, long and 
slender body, which is soft and ciliated over the surface, 
the skin being thick and glandular. A fow forms, such ax 
Prorhynchus (Fig. 141), live in fresh water. 

‘The mouth forms a small slit on the ventral surface im- 
mediately behind the aperture for the exit of the proboscis. 
‘The wsophagus leads to a large digestive tract, ending pos- 
teriorly with an anus, and often with short lateral cwca, In 
Pelagonemertes and Avenardia the numerous crea are much 
branched. 

The nervous system is quite simple, consisting of two 
ganglia in the head united by a double commissure; from 
each ganglion a thread composed of nerve fibres and ganglion 
cells passes back to the end of the body. 

While the Nemerteans are much like the flat worms, 
most of them approach the Annulata, such as the ecarth- 
worm, in their highly complicated circulatory system, which 
is composed of a series of closed contractile vessels. There 
are three great longitudinal tranks, one median and two 
lateral, and connecting with each other. 'The blood is pale, 
rarely red, with corpuscles. Another feature characteristic of 
many Nemerteans is the ‘* proboscis,” nothing like it being 
found in other worms. Along the back of the head-end is 
a special muscular sheath containing the complicated probox- 
cis, which is extended through a pore situated above the 
mouth. The sheath contains a corpusculated fluid, and 
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ee ee lie between the commissures 
in the front part of the head. 
and testes are situated in sucs 
of the digestive canal, The 
with the exception of cer- 


as or ovovivipa- 

when molested often 

ts; in such cases cach 

piece is capable of reproducing the entire ani- 
mal and all its internal organs. 

‘Tho Nemerteans present a great range of 
variation in their mode of development. In 
the simplest mode of growth the young is a 
ciliated oval form, without any body-cavity. 
In others there is a body-cavity, but the larva 
is minute and ciliated, und attains the adnlt 
form by direct growth. In still another spe 
cies (Nemertes communis) the embryo is a 
ciliated gustrula, but leaves the egg in the 


several Nemertean worms the egg undergoes 
total sogmentation, leaving a segmentation- 
The next occurrence is the separa- 
tion of # one-layered ciliated blastoderm, the > 
ectodurm, which invaginates, formin; 


Jurva (originally described under the name of 

Pilidium) is now helmet-shaped, ciliated, : 

with @ long lash (flagellum) attachod to the Sinn ase i 

Posterior end of the body. (Fig. 142.) eee ee 
After swimming about on the surface of ‘tied “Ati oc 

the sea « while, the Nemerfex begins to grow 

out from near the weophagus of the Pilidium. On each 
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side of the base of the velam (v) of the Pilidium ap- 

pear two thickenings of the skin, one pair in front, 

the other behind; these thickenings push inwards, and 

are the germs of the anterior and posterior end of the 

future worm. ‘The anterior pair become larger than 

the posterior ; the part of 

the disk next to the wso- 

phagus thickens; at the 

same time the alimentary 

canal of the  Pilidium 

grows smaller, and only a 

narrow slit remains, ‘The 

disks now divide into two 

layers, the outer much 

thicker than the inner. 

Soon the anterior puir of 

disks unite, and the head 

of theworm is soon formed, 

ae aS when the elliptical outline 

7 re " of Nomer- of the flat worm is indi- 

ry ay go Efe enn 

what ag in Fig. 142, The 

yolk mass, with the alimentary canal of the Pilidinm, 

is taken bodily into the interior of the Nemertes, the 

Pilidium-skin falls off, and the worm finally seeks the 
bottom. 

The free-swimming larve of other Nemerteans are very 
Closely similar to those of the Annelida, so 
that from this fact and the nature of the 
highly developed circulatory aystem, the 
Nemerteans have been removed from the 
neighborhood of the flat worms, and placed 
near the Balanoglossus and Gephyrea, a8 
well as the leeches. 

Order 1. Anopla.—In this group the pro- 

boscis is without a stylo. The species of 

Lineus and Meckelia are, in some cases, 

yery long. AMeckelia ingens Leidy is 24 centimetres (an 
inch) wide, and attains a longth of 4 metres (15} feet). It 
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lives under stones at or below low-water mark on the coast 
of New England southwards to South Carolina. 

Order 2. Enopla.—In the members of this group the 
proboscis is furnished with a style. Representatives of the 
omer are the species of Tetrastemma (7. serpentinum 
Girard, Fig. 143) and of Nemertes. The former is a little 
yellowish worm, common under stones on the coast of New 
England between high and low-water mark ; it has a slightly 
marked head with four dark eye-specks. 


Crass VII.—NEMERTINA, 


Body ritbontike or cylindrical, soft, extensible, ciliated externally, with 
@ proboscis in a sheath opening by a pore situated above He mouth. Cir. 
eulatory system approaching that of the Annulata, Serwat orguns, duct. 
leas sacs} either with or without a metamorphosia, 


Order |. Anopla.—Proloscis without a style, (Lineus, Meckelia.) 
Order 2. Enopla.—Proboscis with a style. (Nemertes, Malacobdella) 


Orass VIIL—Esrenopxeusta (Acorn-tongue worms.) 


General Characters of the Enteropneusta.—The re- 
markable worm, Balanoglossuws (Fig. 144), the type of this 
class, combines characters peculiar to itself, with features 
reminding us of the Nemerteans, Annelids, Tunicata, and 
even the vertebrate Amphioxus, while its free-swimming 
larva, before its history was known, was supposed to be a 
young Echinoderm. It is thorefore, like some other worms, 
a synthetic or generalized type. 

Balanoglossus aurantiacus (Girard, Fig. 144) is a long, 
oylindrical, soft, fleshy worm, footless, without bristles, but 
with a large, soft, whitish tonguo-shaped. proboscis in front, 
arising dorsally within the edge of the collar surrounding 
the mouth. At the beginning of the digestive canal is a 
series of sao-like folds, of which the upper or dorsal portion 
‘is respiratory, and separated by a constriction from the lower, 
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which is digestive, and leads directly to the intestine behind. 
‘This pharyngeal respiratory portion of the digestive canal has 
on each side, in each segment, a dorsal sac, the two commu- 
nicating along the median line of the body. ‘The dorsal re- 
spiratory sacs bear in their walls a delicate chitinous gill- 
support orarch. Between the gill-arches, forming numerous 
lamelle, are a series of slits, leading on each side to open- 
ings (spiracula) situated dorsally. The water passes through 
the mouth into each gill-sac, and out by the spiracles, No 
nervous system has yet been discovered. There is a dorsal 
vessel, which sends branches to ees as a 


Pig. Ma —, ‘not fully mature ; 
Fie tare Trornarta) of alanoplous 
der Jeadi to the dorsal pore /d/, 
testine; m, mout ith ‘muscular band from 


mapping or asimentary canal: Soda cetent w, anal 
ventral vease]. The worm lives in sand at low-water mark 
from Cape Ann to Charleston, 8. 0. 

The life-history of this worm is most interesting. The 
young, originally described under the name of Zornaria, 
was supposed to be an Echinoderm larva, though it closely 
resembles the larval Gephyrea and Annelides. It is a trans- 
parent, minute, ciliated, slonder, somewhat bell-shaped form 
(Fig. 145), with black eye-specks, When transforming to 
the worm condition, a pair of gills uriso on sac-like out- 
growths of the msophagus, and afterwards three additional 





Crass IX.—Grernynea (Sler-eorms). 
General Characters of the Gephyresas.—The mont sexe 


highly retractile. The intestinal part in found to flemt fron 
Ty, though anteriorly attached to the walle bry w few mawy- 
Jar threads, in the capacious body-cavity, and in wenally fall 
mud. The asophagne is long and slender, situated 
shorter pair of retractor muscles ; behind the 
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insertion of the muecles it enlarges, but there ia no true 
stomuch ; it is about twice the length of the body, and is bent 
and twisted on itself, ending 
dorsally in a vent marked by an 
external wart, on the unterior 
third of the body. Near this 
point is situated a pair of large, 
long, slightly twisted segmental 
organa(s)the free ends of which 
flare slightly, The nervous 
system (n) forms an @sophugeal 
ring, and from it passes a well- 
marked ventral single cord, 
from which at short intervals 
pass off small short lateral 
nerves. The vascular system 
is represented by a circalar 
vessel lying next to the ner- 
yous csophageal ring, sending 
branches into, or at least in 
communication with, the cavi- 
ties of the tentacles, and from 
the ring passing along and in- 
timately connected with the di- 
gestive tract, forming » ruffle- 
like organ (w), ending at a point 
nearly opposite the vent (a). 
Prof. Greef finds that the vas- 
cular system of Echinrus con- 
sists of two main vessels, 1. ¢., 
a dorsal and a ventral vessel ; 
the former extending along the 
alimentary canal, and sending 
a branch to the proboscis, where 
ges lndteating it re into Piet = 
argans; the long, e&Ch uniting with the ven! 

tise rawe by Soe Kisge. veascl. ‘The blood is poate 

is lowish, with corpuscles. 
blood-system of the Gephyrea, thon, is homologous with 
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covered with slender, firm, calcareous spines. It has no 
tentacles, a straight digestive canal, the vent being terminal, 
and two internal gill-saes, with external lamellate gills. 

Instead of a single nervous cord, as usual in the Gephyrea, 
in Chatoderma there are two separate nerve-cords, one on 
each side of the body. ‘The Gephyrea were formerly asso- 
ciated with the Echinoderms, but the resemblance is only a 
superficial one. 


Crass TX.—GEPHYREA. 


Body long, eytindrieal, smooth, or spiny, or provided with bristles, not 
agmented ; wxnally a large proboscis, but none in’ Phascolosoma,; cent 
cithor terminal or situated doradily on the anterior end of the body. A 
true dlood-aystem Aomologous with that af the Annulata. Bisexual or 
Kermaphroditic ; young of the Annelia type, undergoing « metamorpho- 
ais, (Chotoderma, Phascolosoma, Sipuncalus, Bonellia, Echiuras, and 
Phoronis.) 

Laboratory Workt—The common star-worm, Phasolosoma, is one 
of the easiest worms to dissect, ax it can be readily laid open with 
the selssors, and the skin pinned down on the bottom of the dissecting 
trough, when the parts can be readily distinguished, its structure being 
anasually simple. 


Crass X.—Annutata (Leeches, Karth-worms, and 
Sea-worms). 


General Charactors of the Annulata.—This group, rep- 
resented by the leeches, earth-worms, and nereids or bristled 
sea-worms, tops the series of the classes of worms, and in 
the highly specialized, regularly segmented bodies, with their 
sense-orguns and highly differentiated appendages, stand 
nearer the Crustacea and Insecta than any other class of in- 
yertebrate animals, their internal organization on the whole 
being nearly as complicated. 

Reference to the accompanying diagram (Fig, 148) will 
show the general relation of the organs of an Annelid to the 
body-walls, as compared with corresponding parts, when seen 
in sections of Amphioxus and a fish. 
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‘The student, in familiarizing himself with the structure 
and mode of growth of the leech, the common earth-worm 


KF 
Fig. eee cre ge sem # higher — 
7 9, inteatlue 


Fo SC a tin 


and the Nereis, will obtain a good idea of the essential char- 
acteristics of the entire class. 

Order 1. Hirudinca.—In the leech (Fig. 149), Hirudo 
medicinalis Linn., the type of the first and lower order, tho 
body is somewhat flattened and divided into numerous short, 
indistinctly marked segments, not bearing any bristles or 
appendages. The head is small, with no appendages, bear- 
ing five pairs of simple oyes, while each end of the body ter- 
minates in a sucker. The mouth is armed internally with 
three pharyngeal teeth arranged in a triradial manner, so 
that the wound made in the flesh of persons to whom the 
locch is applied consists of three short, deep gashes radiating 
from a common centre. The stomach (Fig. 150) is large, 
with large lateral diverticula or lobes, while the intestine is 
small. Tho nervous system consists of a * brain” and yen- 
tral ganglionated cord. 

‘The vascular system is complicated, consisting of a median 
dorsal and a ventral vessel, and two lateral vessels ; all these 
anastomoses or interbranch, and the blood which courses 
through thom is red, but is said to contain no corpuscles, 

The segmental organs, so characteristic of the Annulata, 
are well developed in the leech, consisting of about seventeen 
pairs of tubes opening ut one end at regular intervals on the 
under side of the body, and ending in a non-ciliated coil 
(Fig. 149, r) in the leech, or in the smaller fish-leech, Clep- 
sine, open into the venous sinus by ciliated, open mouths. 
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Fro, 124, 
Mig, 19-— Anatomy of the my 


below Twucenl 
croptugent ventral gang! 
pay FFF comminires joining the ganglia 
of renee mud locomotion ; 4, 
<dilmtations or caen ‘of the stom- 
jes lobes OF & p. intea 
the e the 1 


 Tah—Digentive canal of the same ;.a, bd, 

Stomach! and its laleral lobes or ceca! de, 

lowe large eqea which extend along each wide 

Ue intestine ¢, ¢; f, Foctum,—After Gervais and 
fant Beneden. 
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‘The leech is hormaphroditic, while in certain allied forms 
(Histrioddella, ote.) the sexes ure distinct. 

‘The oggs of lecches are laid in saca, or, aa in Clepsine, the 
fish-leech, are covered with a transparent fluid substance, 
which hardens and envelops the eggs. The Clepsine re- 
mains over the eggs to protect them until they hatch ; and 
the young, after exclusion, fix themselves to the under side 
of the parent, and are thus borne about until they are fully 
developed and able to provide for themselves (Whitman*). 
The changes in the egg of Clepsine, after fertilization, aro 
yery complicated, and have been described by Whitman. 
The egg subdivides into a bilateral mass of cells called a 
blastula ; + a gastrula, and finally a “‘neurula” stage, charac- 
terized by the formation of a “‘primitive band” like that of 
insect embryos. Soon after attaining tho latter stage the 
embryo hatches and attaches itself to its parent. The mouth 
is then formed, the nervous systemt arises from the ecto- 
derm, the segments are indicated, the original number being 
thirty-three, the segmental organs develop from the meso- 
derm at about the time of hatching, and about six days after 
the nourula leayes the egg the eyes become visible. The 
innermost layer (endoderm) does not arise until eight 
days after ing, and by this time the digestive tract is 
perfected ; the muscular walls of the alimentary canal being 
derived from the mesoderm. 


* Tho Embryology of Clepsine, By C. 0, Whitman, Quarterly 
Journal of Microscopical Sclence, July, 1878. 

{ Whitman states that a morula, as defined by Haeckel, does not 
occur in the developmental history of Clepsine, and he states that when 
the cleavage process of tho egg hat been carefully studied it Las been 
found to result in the production of a bilateral germ or blastula, and 
not a morula, “A solid sphere of indifferent cells’ ix, to say the 
Teast, a very improbable form, so improbable that its existence may be 
held questionable until established by positive evidence. Tho doabt 
Ssall the more jestifiablo, ax more carefal Investigation hus in many 
cases already shown that the so-called mulberry stage is not a morula, 
Dat « blastala or even a gustrala.” (Whitman.) : 

{ There i otigioally a pair of ganglia in cach of the thirty-three 
oegmenta ; four of these are consolidated Into the aubc-sophageal gan- 
glia, eight in the ganglia of the disk, and four in the terminal gauglin 
of the body. (Whitman,) 








230 ZOOLOGY. 


ote., a8 well ag over the ground, by minute, short, curved 
sete or bristles, which are deeply inserted in the muscular 

of the body, and arranged in four rows along each side 
of the body. The alimentary canal is straight, the stomach 
has three pairs of small lateral blind sacs (cwea), and the 
intestine, which is externally tubular, contains a thick inter- 
nal sac-like fold called a ¢yphlosole. 

‘The segmental organs are highly convoluted tubes, a pair 
to each segment of the body, except a few near the head, 
and opening internally with ciliated funnels and externally 
in minute pores situated along the under side of the body. 
‘The earth-worm is mon@cious (hermaphroditic). 

The oviducts open in the fourteenth segment, and the 
seminal ducts (vasa deferentia) in the fifteenth. Between 
the ninth and tenth, and the tenth and eleventh segments 
are the four openings of the seminal receptacles (receptacula 
seminis). Pairing is reciprocal (see Fig, 151), each worm 
fertilizing the eggs of the other; they pair in June and July 
inthe night-time. The eggs of the European Lumbricus 

. rubellus Grube are laid 
in dung, a single egg in 
a capsule; L. agricola 
lays numerous egge-cap- 
sules, each containing 
sometimes as many as 
fifty eggs, though only 
three or four live to de- 
velop. The development 
of the earth-worm is like 
that of the leech, the 
germ passing through a 


morula (blastula - 
‘ Soon’ acpewalion Me trula ce aaa 
firs primive. a rs aa the worm, when hatch- 
ing, resembling the pa- 
os pane that the ie is shorter and with a much less 
number of segments. 
While the earth-worms are in the main beneficial, from 
their habit of boring in the soil of gardens and ploughed 
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preter type of Annwlata is the common 

our coast, Nereis virens Sars. It lives between 
tide-marks in bo holes in the mud, and can be readily obtained, 
The body, after the head, eyes, tentacles and bristle-bearing 
feet have been carefully studied, can be opened along the 
back by a pair of fine scissors and the dorsal and yentral red 
Dlood-vessels with their connecting branches observed, as 
well as the alimentary canal and the nervous system. 

‘The anatomy of this worm has been described by Mr. PF. 
‘M. Tarnbull. It is very voracious, thrusting out its pharynx 
and seizing its prey with its two large pharyngeal teeth. It 
secretes a yiscid fluid lining its hole, up which it moves, 


ipuncatorenl th 


(Spherodorem). tie "enicular 


li 


sntennm (tentacular cirri). Each of the other segments 


# pair of paddle-like appendages (rami), which may be 
by examining one of the middle segments which 


re 
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has been separated from the others, For the finer structure 
of the bady-walle see Fig. 152. 


from the ventral vestel and subdivide, each sending a branch 
to the yontral ramus of the foot of the segment behind, and 
nnother larger branch around the intestine to the dorsal ves- 
wl, receiving also, on its way, a vessel from the upper ramus 
of tho foot of its own segment. “Besides these principal 
lateral vessels, there are five other vessels on each side 
in enoh segment, coming from the ventral vessel. These 
form a loose but regular net-work that surrounds the in- 
testine and is connected with five other convoluted vessels, 
which join the dorsal vessel. ‘This net-work on the intestine 
probably supplies the hepatic organ with material for its 
recrotion, und yory likely may receive nutritive material from 
the digested food.” (Tarnbull.) 

‘Tho blood is adrated in the finer vessels of the oar-like foot 
and in those situated about the alimentary canal. The 
norvous system consists of the ‘ brain” and ventral double 
ganglionated cord. 

‘The sexes of Nereis virens aro separate; the eggs during 
the breeding season fill the body-cavity, and pass out through 
certain of the segmental organs, which act as oviducts, while 
othors, probably the more anterior ones, are excretory, like 
tho kidnoys of vertebrates, as urea has been detected in them. 
‘Those organs aro situated at the base of tho lower ramus of 
each foot. In some species of the Capitellida Eisig has found 
that it is normal for several segmental organs to be present 
in asingte segment. 

While the mode of development of our Nereis has not 


. 
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been studied, the eggs are probably laid in masses between 
and the young, when hatched, swim freely on 

the surface of the sea. The eggs of other worms are carried 
about in lateral pouches. The germ undergoes a cleavage 
and a gastruls stage. We have observed, in Salem 

of Polydora (probably P. ciliatum 

Clap.) which may be found in August, in all stages, on the 


wi a sade stage of Polydora; 2D, Cophaluis stage; Cand D, 


surface of the water. When first observed (Fig. 153, A) tho 

body was spherical, with a short, broad intestine, and two 

sets of large locomotive bristles. It then passed into tho 

lula state, the head clearly indicated and forming a 

This stage is seen at B, which represents the 

of the cephaluls, the mouth being situated bo- 

the two large ciliated flaps (like the velum of larval 

) of the hood ; the body is now segmented, with a 

third set of bristles and a band of cilia on the penultimate 

wogment; afterwards as at C, dorsal view, additional rings 

are present ; the eyes are distinguishable, and there are two 
more sets of bristles. The now segments are, as usual in 
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articulates, interpolated between the penultimate and ter- 
minal segments of the bedy. At D, the body is many- 
jointed, the tentacles well developed, the large temporary 
bristles have been discarded, and the worm can be identified 
as a young Polydora. 

It is probable that Polydora is hatched as a frochosphere 
like that of Polyzoa, Brachiopoda avd certain mollusks, 
The young Teredrellides Stroemii, and of Lumbriconereis, 

are at first trochospheres, #, ¢., the free-swimming 

germ is spherical, with a zone of cilia, two eye- 

spots, and no bristles. ‘Thus the earliest stages of 

Polyz0a, Brachiopoda, Lamellibranchiata, Gastro- 

poda, and even of a Cephalopod (Fig. 220), Nemer- 

tina, and Annelides are almost identical. Farther 

°f along in their developmental history, the cepha- 

lula of the Annelides (Fig. 153, A, B, and 155), 

is like that of certain Echinoderms (Fig. 185), 
Gephyrea, Polyzoa, Brachiopoda, and Mollusca, It may 
here be observed that the free-swimming larve of these types 
of invertebrate animals are the young of more or less seden- 


tary parents, In this way the species becomes widely dis- 
tributed through the action of the marine currents, and too 
close in-und-in breeding is prevented. 

tain Annelides sometimes multiply by self-division, the 
process being called sfrodilation, This is commonly observed 
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in the fresh-water worm Nais, also in Syilis and Myrianida, 
ae well as in Filograna, Protula, etc. <Autolytus, a com- 
mon worm on the coast of New England, produces one gen- 
eration by budding (parthenogenesis). There is, in fact, an 
alternation of generations, an ascxual Aw/olyus, giving 
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rise to a brood of males and females, the sexual and asexual 
formes being s0 unlike cach other as to have been mistaken 
for different species and even genera. 

Th Syllis and allies certain long, slender processes of the 
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feet are jointed, thus anticipating the jointed appendages of 
the Crustacea and Insects. 

‘The Annelides are divided into two suborders. .'The first 
suborder, Oligochata, comprises Lumbricus, Nais, etc., while 
the second suborder, Chatopoda, embraces Syllis, Autolytns, 
reis, Polydora, Aphrodite, and Polynoé, which are froe- 
swimming, while the tubiculous worms which respire by spe- 
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cial branchis, or gills, on the head, live in tubes of sand or 
in limestone shells. Those which live in sand or mud-tubea 
are Cirratulus (Fig. 160), Clymene and Clymenella (Fig, 156), 
which has no branchie, Amphitrite (Fig. 157), Teredrella, 
Cistenides (Fig. 158), Sabella, and Kuchone (Fig. 159), 
while Protula, Filograna, Serpula and Spirorbis secrete 
more or less coiled limestone tubes. The large solid shells 
of the Serpulm assist materially in building up coral reefs, 
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to Clymene, having been dredged by the Challenger Expedi- 
tion at the enormous depth of over three miles (about 5000 
metres). 


Ciass X.—ANNULATA. 


Spader. Dilasterally aymmetrical, cylindrical, consisting of numerows 
segmenta, either unarmed, or more wsually provided with seta alone or with 
nel and puddlelike appendages (rami), Head simple, with few simple 
eyes, or provided with tentacles (antenna) alone, or with tentacles and bran- 
chim. Anceersite pharynx, armed with teeth, usually present. Alimentary 
system straight, the tubular stomach sometimes sacewlated ; vent always 
sitwated in the last segment of the body. Nereous eystem welt developed, 
consisting of a brain aad vantral ganglionated cord. Cireulatory aystem 
closed, with a dorsal and central and lateral vessels connected by anasto. 
mosing branches in nearly each segment. A aystem of numerous paired 
samientel rps Sexes united or separate. Bwbryo passing Urrough 

adage (morula or Mastula), gastrula, sometimes a neurula stage, 
ey after hatching, development is cither direct or there ie a marked met- 


amorphosis, the larca pasing through a trochouphere and cephatula 
Hage. 


Order 1. Hirudines Body anarmed, finely segmented ; with a pos- 
terior sucker, (Hirudo, Nephelis,) 


Order 2. Annelides.—Suborder 1. Otigochata (Lumbricus, Nais), Sub- 
order 2—Chatepoda (Arenicola, Syllis, Autolytus, Aphro- 
dite, Polynog, Amphitrite, Torebrells, Sabella, Serpula, 
Spirorbis). 

Tamoran View oF THE CiassEs or Wouss (Venn), 
Annulata, 
Brachiopoda, 
Polyzon, 
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Laboratory Work.—Worms sliould be dissected at once after be- 
ing killed by ether or in alcohol, before the circulation has ceased ; 
end transverse sections made to observe the relation of the appendages 
to the bedy-walls, and of the different systems within the body-walla, 
‘The worms should also be hardened in alcohol, and thin sections 
mained with carmine be made for histological study, A portion of the 
‘worm can be put in paraifine and sliced by land with the razor or by 
the microtome, 


Amphitrite ornate, 





CHAPTER VI. 
BRANCH VI.—MOLLUSCA, 


General Characters of Mollusks.—The characters which 
separate this branch from the others, especially the Vermes 
aro much less trenchant than those peculiar to other groups 
of the same rank, and indeed the author only retains the 
Mollusks as a special branch in deference to the general 
usage of zoologists, believing that the Mollusca are probably 
only a highly specialized group of Vermes, where they were 
originally placed by Linnwus, and bearing much the same 
relation to the true worms as do the Rotatoria, the Tuni- 
cata, the Brachiopoda, etc. It will be seen from the fol- 
lowing account of the mollusks, that they travel along, appar- 
ently, the same developmental road as the genuine worms, 
and then suddenly diverge, and the divergence is not an ad- 
vance in a parallel direction, but if anything the road turns 
back, or, to change the simile, the branch of the genea- 
logical tree bends downwards. It is, and always has been, 
extremely difficult to define the Mollusca, their original 
bilateral symmetry being partially effaced in most of the 
Gastropoda and in some Lamellibranchs, #. ¢@, in those 
Gastropods with a spirally-twisted shell like the snail, or in 
fixed bivalve forms like the oyster, ete. The Mollusca are 
usually defined as animals with laterally symmetrical, un- 
jointed bodies protected by a shell, with a foot or creeping 
disk, and usually with lamellate gills, which are folds of the 
mantle or body-walls. The special organs characterizing 
the Mollusks are the foot and, in nearly all except Lamel- 
libranchs, the odontophore ; but the foot of a snail is simply 
& modification of the under lip, and in reality in many forms 
tut a specialized ventral surface, as is that of certain not 

ited worms, like the Planarians and Nemerteans ; while 
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specialized group, in the number of species and indi- 
viduals. 


CLASS I.—Lametirprascuiata (Acephala, Bivalwes), 


General Characters of Lamollibranchs.—This group is 
represented by the oyster, clam, mussel, quohog, scallop, 
ete, By a study of the common clam (Mya arenaria Linn.) 
one can obtain a fair idea of the anatomy of the entire class, 
as it is a homogeneous and well-circumscribed group. The 
clam is entirely protected by a pair of solid limestone shells, 
connected by a hinge, consisting of a large tooth (in most 
bivalves there are three teeth) and ligament (Fig, 161 O 1). 
‘The shells are equivalve, or with both valves alike, but not 
equilateral, one ond (the anterior) being distinguishable from 
the other or posterior, the clam burrowing into the mud by 
the anterior end, that containing the mouth of the mollusk. 
The hinge is situated directly over the heart, and ts there- 
fore dorsal or hemal. On the interior of the shells are the 
two round muscular impressions made by the two adductor 
muscles and the pullial impression, parallel to the edge of 
the shell, made by the thickened edge of the mantle. On 
carefully opening the shell, by dividing the two adductor 
muscles, and laying the animal on one side in a dissecting 
trongh filled with water, and removing the upper valve, the 
mantle or body-walls will be disclosed ; the edge is much 
thickened, while within, the mantle where it covers the el- 
liptical rounded body is very thin. ‘The so-called black 
head, or siphon, is divided by « partition into two tubes, the 
upper, or that on the hinge or dorsal side, being excurrent, 
the lower and larger being incurrent—a current of sea-water 
Jaden with minute forms of life passing into it. Each orifice 
is surrounded with a circle of short tentacles, This siphon 
protrudes throngh a slit in the mantle-edge, and is very ox- 
tensible, as seen in Fig. 161, A; it is extended, when the 
clam is undisturbed, from near the bottom of ita hole to the 
level of the sea-bottom. In the fresh-water mussel (Unio, 
Fig. 162) the two siphonal openings are above the level of 





244 ZOOLOGY, 


masses. There is no pharynx armed with tecth as in the 
Cephalophora and Cephalopoda, but the esophagus leads to 
a tubular stomach and intestine, the latter loosely coiled sev- 
eral times and then passing straight backwards along the dor- 
eal side under the hinge and directly through the ventricle of 
the heart, ending posteriorly opposite the excurrent division 


. Thdp complanatue, Durled tn the mand, the siphonal openings 
bart love of use eer bottaree k flor ores, 


of the siphon. Through the visceral mass passes a curious 
slender cartilaginous rod, whose use is unknown, unless it be 
to support the voluminous viscera. ‘The gills or branchim are 
four large, broad, leaf-like folds of the mantle, two on a side, 
hanging down and covering each side of the visceral mass 
(Fig. 161, D,c). The heart (Fig. 163) is contained in a deli- 
cate sac, called the pericardium, and is situ- 

ated immediately under the hinge ; it consists 

of a ventricle and two auricles ; the former is 

easily recognized by the passage through it of 

the intestine (Fig. 161, D, v), usually colored 

dark, and by its pulsations, The two wing- 

at: like auricles are broad, somewhat trapezoidal 

in form, Just behind the ventricle is the so- 

called ‘aortic bulb.” ‘The arterial system is 

quite complicated, as is the system of: yenous sinuses, which 
can be best studied in carefully injected specimens. At the 
base of the gills, however, is the pair of large collective 
branchial yeins. The kidney, or “organ of Bojanns,” is a 
large dusky glandular mass (Fig. 164, 4) lying below but next 
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‘to the heart; ono ond is secretory, lamellar and glandular, 

with the pericardial cavity, while the other 
is exeretory and opens into the cavity of the gill, The 
nervons system can be, with care and patience, worked out 
in the clam or fresh-water mussel. In the clam (Mya arena- 


ter mane, after Bojanus. 
wwhleh falow tho Woree 
iy towards tho organ 4, which 1 the 


he upper warface 
ah ‘the blood from the gil 
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ria, Fig. 165) it consists of three pairs of small ganglia, 
one above (the ‘brain”) and one below the wsophagus (the 
pedal ganglia) connected by a commissure, thus forming an 
ring; and at the middle of the mantlo, near the 
hase of the gills, is a third pair of ganglia (paricto-splanch- 
nic), from which nerves are sent to the gills and to each 
division of the siphon. This last pair of ganglia can be 
usnally found with case, without dissection, especially after 
the clam has been hardened in alcohol. ‘The ear of the clam 
is situated in the so-called foot ; it bears the name of olocyst 
(Fig. 166, i), and is connected with a nerve sent off from the 
pedal ganglion. It is little white body found by laying 
open the fleshy foot through the middle. Microscopic ex- 
amination shows that it is a sac lined by an epithelium, rest- 
tg on a thin nervous layer supported by an external coat of 
vonnective tissue. From the epithelium spring long hairs; 
the sac contains fluid and a large otolith. The structure of 
this octocyst may be considered typical for Invertebrates, 
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The ovaries or testes, as the sex of the clam may be, are 
bilaterally symmetrical, blended with the wall of the visce- 
ral or liver-mass, and are yellowish. ‘The genital openings 


Pig. 165.—Nervons system of the clam, nataral size. 
commilesare antertor to the month ; ¢, pedal commissare A 

lanctnle commisnres ; f, parieto-splanchnic gxndlt branchial nerves. i. 
Ua nerves: 4, eiphonal nérves; 4, anni nerves; m, nerves to the enterior adductor,— 
Draws by W) K. Brooks, 


are paired and lie near the base of the foot. Both eggs and 
semen arise from the opithelinm of the sexual glands, The 
oggs pass out into the body-cavity, or accumulate betweon the 
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mia the shell is inequilateral, one, usually the lower, being 
fixed to some object, and the intestine does not pass through 
the ventricle; in Arca the ventricle is double. In Lucina 
and Corbis there is but one gill on each side, and in Pecten, 
Spondylus and Trigonia the gills are reduced to comb-like 


Pig, 108,—Mytitie edulis, common mussel. agile 5, tpt: 
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processes, ‘There are usually no eyes present ; in the scallop 
(Pecten), however, there ig a row of bright shining eyes 
with tentacles along the edge of the mantle, and contrary 
to the habits of most bivalves, the scallop can skip over the 
surface of the water by violently opening and shutting its 
shell. 7'rigonia is also capable of leaping a short distance ; 
while Lima (Fig. 167) is an active flyeror leaper. Ostrea and 
Oyelas are diwcious, while many mollusks are monwcious or 
hermaphroditic. The foot varies much in form, in the 
mussel (Mytilus, Pigs. 168, 169), Pinna, Cyclocardia (Car- 
dita) (Pig. 170), and the pearl-oyster it is finger-shaped and 
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h )quohog (Fig. 171 A, Venus mercena ia), 
1 B) and Clidiophora (Fig. 172) is large, these 


FAM linc DORE se ee eh m8 whom 
mollusks being very active in their movements, In @lyci- 


meris (Fig. 173) the fringe is toothless, much ax in the 
oyster, In Mactra (Fig. 174) the middle tooth is large, the 
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but the purest occur in the pearl oyster, Meleagrina marga- 
rilifera (Linn.), which occurs at Madagascar, Ceylon, the 
Persian Gulf, and at Panama. The largest pearl known 
measures two inches long, four round, and weighs 1800 
grains, All bivalves pass through a metamorphosis after 
birth. The development of the 
oyster is a type of that of most La- 

mellibranchs, 
A single oyster may lay about 
2,000,000 eggs; they are yellow, and 
after leaving the ovary are for the 
Fig. 110—Aacoma prozima, most part retained among the gills. 
= = In Europe the oyster spawns from 
June till September ; during their growth the eggs are en- 
closed in a creamy slime, growing darker as the ‘spat” or 

young oyster develops. 

‘The course of development is thus: after the segmenta- 
tion of the yolk (morula stage), the embryo divides into a 
clear peripheral layer (ectoderm), and an opaque inner layer 
containing the yolk and representing the inner germinal 
layer (endoderm). A few filaments or large cilia arise on 
what is to form the velum of the future head. The shell 
then begins to appear at what is destined to be the posterior 
end of the germ, and before the digestive cavity arises. The 
digestive cavity is next formed (gastrala stage), arid the anus 
appears just behind the month, the alimentary canal being 
bent at right angles. Meanwhile the shell has grown enough 
to cover half the embryo, which is now in the “ Veliger” 
stage, the “‘yelum” being composed of two ciliated lobes in 
front of the mouth-opening, and comparable with that of 
the gustropod larve, The young oyster, as figured by Salen- 
sky, is directly comparable with the Veliger of the Cardium 
(Fig. 177). Soon the shell covers the entire larva, only the 
ciliated yelum projecting out of an anterior end from be- 
tween the shells, In this stago the larval oyster leaves the 
mother and swims around in the water. According to 
Brooks the American oyster becomes free-swimming larva 
in six hours after the egg is fertilized. At a later period it 
becomes fastened to some rock, The oyster is said to be 





better known. After passing through a morula and gastrula 
stage, the embryo becomes ciliated on its upper surface and 
in the shell. On one side of the oval em- 


r eer eping x Sears on the edges of which arise two 
parks r eventually become the two “sails” of the 


iddle of the head grows a single very 
the so-called flagellum (Fig. 177 4, fl; v, 


of the cockle 
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yelum). Tho shell (2, sh) and mantle (mf; mi, muscle) 
now begin to form. From the inner yolk-mass. 0 
the stomach, the two liver lobes (Ji) on each si 
stomach (#), and the intestine (¢). The mouth (m), which 
is richly ciliated, lies behind the velum, the alimentary canal 
is bent nearly at right angles, and the anus opens behind and 
near the mouth. The velum (Fig. 177 B, v) really consti- 
tutes the upper lip, while a tongue-like projection (B, f) be- 
hhind the mouth is the under lip, and is destined to form the 
unpaired ‘*foot,” so characteristic of the mollusks, 
Te wall arises us a cup-shaped organ in both bivalves and 
univalyes, but the hinge and separate valves are indicated 
‘very early in the Lamellibranche. At the stage represented 
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by Fig. 177 B, the stomach is divided into an anterior and 
posterior (pyloric) portion. ‘The liver forms on each side of 
the stomach an oval fold, and communicates by a large open- 
ing with its cavity ; while the intestine elongates and makes 
more of a bend. The organ of hearing then arises, and be- 
hind it the provisional eyes, each appearing as a vesicle with 
dark pigment corpuscles arranged around a refractive body, 
The nerve-ganglion (rn) appears above the stomach. The 
two ciliated gill-lobes now appear, and the number of lobes 
increases gradually to three or four, The foot grows larger, 
and the organ of Bojanus, or kidney, becomes visible. The 
shell now hardens; the mouth advances, the velum is with- 
drawn from the under side to the anterior end of the shell. 
In this condition the Veliger remains for a long time, its long 
flagellum still attached, and used in swimming even after the 
foot has become a creeping organ. Latest of all appears the 
heart, with the blood-vessels, 

Upon throwing off the Veliger condition, the yelum con- 
tracts, splits up and Loyén thinks it becomes reduced to the 
two pairs of palpi, which are situated on each side of the 
mouth of the mature Lamellibranch. The provisional eyes 
disappear, and the eyes of the adult arise on the edge of the 
mantle, 

In the fresh-water mussels (Unio) the developmental his- 
tory is more condensed. The yelum of the embryo is want- 
ing or exists in a very rudimentary state, The mantle and 
shell are developed very carly. The 
young live within the parent fastened to 
each other by their byssus. The shell 
(Fig. 178) differs remarkably from that of 
the adult, being broader than long, trian- 
gular, the apex or outer edge of the shell 
hooked, while from different points within 
project a few large, long spines. So dif- 
ferent are these young from the parent that they were sup- 
posed to bo parasites, and were described under the name of 
Glochidium parasiticum. They are found in the parent 
mussel during July and August. 

The ship-worm (Teredo navalis Linn, Fig. 179) after the 
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of the yolk (Fig. 180 A) passes through a 
veliger stage, the shell begins to grow, and when five days 


p, pallets ; ¢, collar ; ¢, hell ; 7, took— 


Boo bat old the germ appears as in Fig. 178, B, the shell 
ing the larva, Soon after this the velum 

— larger, and then decreases, the gills arise, the andi- 

tory sacs develop, the foot grows, though not reaching to the 

edge of the shell, and the larva can still swim about free in 

the water. When of the 5 

size of a grain of millet, 

it becomes spherical, as 

in Fig. 180, C, brown 

and opaque. The long 

and slender foot projects 

far out of the shell, and 

the yelum assumes the 

form of a swollen ring on 

which is a double crown 

of cilia. The ears and riz 

eyes develop more, and Aj: 

the animal alternately 

swims with its velum, or 

walks by means of the foot. At this stage Quatro- 

fagea thinks it seeks the piles of wharves and floating 

wood, into which it bores and completes its metamor- 

phosis. On the coast of New England the ship-worm 

ays ogg in May and probably through the summer. 
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Indeed most mollusks spawn in the summer, Species of 
Keltia, Galeomma, and Montacuta are viviparous, 

Some bivalves get their growth in asingle year. The fresh- 
water muscles live from ten to twelve years and perhaps 
longer ; while Tridacna gigantea probably lives from sixty 
years to a century. Of about 14,000 known species of 
Lamellibranchs, from 8000 to 9000 are fossil, 


Cuass L—LAMELLIBRANCHIATA. 


symmetrical mollusks, with two calves lined by the mantle, con- 
nected by a dorsal hinge and ligament; no head ; mouth unarmed, with 
two pairs ef labial paipi ; intestine coiled in the visceral mass, usually 
passing through the ventricle, and always ending at the posterior, ueually 
tiphon-bearing, end of the body. Foot small, sometimes nearly wanting, 
never waed asa creeping disk. Usually two pairs of large teaf-like gitls on 
each side of the visceral mass. Sexes usually in separate indieiduals, 


Bmbryo passing Urough @ so-called morula, gastrula, and frec-noimming 
veliger condition, 


Order 1. Asiphonia.—Body-wall or mantle without siphons, Shell 
sometimes inequivalve, (Ostrea, Anomia, Pecten, Molea- 
grina, Mytilus, Arca, Trigonia, Unio, and Anodonta.) 


Order 2. Siphoniata—Siphons present. Shell equivalve, (Chama 
‘Tridacna, Cardiom, Venus, Mnctra, Tellina, Solen, Clava- 
gels, Aspergillum.) 


Laboratory Work.—In dissecting the clam, ete., the work should be 
performed under water, in a dissecting trough. Ono aboll should be 
remorod by cutting tho adductor by a pointed scalpel, the mantle dis- 
sected off and thrown aside, so as to expose the gills, henrt, and kid- 
neys. In dissecting the nervous system it is well to Introduce a probe 
{nto the mouth, and then cut down towards it from above, when the 
white supramesophageal ganglia or ‘ brain" will be found, and the 
other ganglia can thence be traced by the commissures leading from the 
“brnin.” ‘To find the pedal ganglia and otocyst, cut the foot vertically 
in two. The heart ean be readily found, and the largo vein at the base 
of the gills, but the arterial and venous systems ean only well be 
ntudiod aftor making caroful injections, For ordinary or even quite 
fine Injections, Sabatler used a mixtare of lard and turpentine, some 
times adding « little suct or wax to thicken the paste, which was 
colored chrome yellow, vermilion, or blue. For histological exam!- 
nation he used essence of turpentine, colored as before, or gelatine 





Crass I—Cxviaroritora (Whelks, Snatls, etc.). 


General Charactors of Cephalophores.—We now come to 
Motusca with a head, distinguishable from the rest of the 
body, bearing eyesand tentacles ; but the bilateral symmetry 
‘of the body, so well marked in the Acephala, etc., is now 
in part lost, the animal living in a spiral shell ; still the foot 
and head are alike on both sides of the body; while the 
foot forms a large creeping flat disk by which the snail glides 
over the surface. Moreover, these mollusks have, besides 
two pharyngeal teeth, a lingual ribbon or odontophore. In 
# ehelless land-snail (Onchidiwm) Semper has discovered the 
existence of dorsal eyes, constructed, as he claims, on the 
Vertebrate type. They are in the form of little black dots 
‘scattered over the back of the creature, and their nerves 
arise from the visceral ganglion. Familiar examples of the 

r are the sea-snails, the sea-sluga, and the 
genuine air-breathing snails and slugs. 

Order 1. Scaphopoda.—A vory aberrant type of tho class 
is Dentalium, the tooth snail, common in the ocean from 
ten to forty fathoms deep, on our coast. Tt lives in a long 
slender tooth-like shell, open at both ends, while the animal 
thas no head, eyes, or heart, and the foot is trilobod. Owing 
to the presence of « lingual ribbon, wo would rotain it in the 
‘present class, though it is aconnecting link betwoon this and 
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the preceding class, and is, by some authors, regarded as 
the type of a separate class (Scaphopoda) The sexes of 
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Dentalium are distinct. The young isa trochosphere and 
afterwards becomes segmented, and the univalve 
shell then appears. (Fig. 182.) 

Order 2. Pteropoda.—In these winged-snails 
the head is slightly indicated and the eyes are 
rudimentary ; while they are easily recognized by 
the large wing-like appendages (¢pipodium), one 
on each side of the head. ‘The shell is conical 
or helix-like. The species are hermaphroditic, 
Cavolina tridentata Lamarck and Styliola vitrea 
Verrill (Fig. 183) are pelagic forms, oecurring on 

poiizcDe- the high seas, and are occasionally taken with the 
ne rom ba = tow-net off the southern coast of New England. 
After Stems Limacina arctica Fabr. is of the size of, and 
looks like, a sweet pea, moving up and down in the water. 
Tt is common from Labrador to the polar regions. 
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Hy 
i 


e72i 


H 


4 t of Labrador. 
inch Tong, the body fleshy, with no 
rather small. 
‘of the Pteropods pass through 
atrochosphere stage, being, as in Cavolina; ea —Anor Ven 
spherical, with a ciliated crown. It after- 
wards assumes a yeliger form. Fig. 184 represents a worm- 
like, segmented, Pteropod larva, the adult of which is 
unknown. In other genera the larve are annulated, resem- 
bling the larve of Annelides, 
‘The Pteropods are, in some degree, a gencralized type. 
‘They have a wide geographical distribution and 
a high antiquity; forms like Cavolina, viz.: 
Theca, Conularia, Tentaculites, Cornulites, 
ete., dating back to the palwozoic formation ; 
‘Theca-like forms (Pugiunculus and Hyolithes) 
occurring in the primordial rock. 
Order 3. Gastropoda.—This great assemblage 
of mollusks is represented by the sea-slugs, 
Timpets, whelks (Figs. 185-188), snails, and 
Tig. Piero slugs. The head is quite distinct, bearing one, 
and sometimes, as in the land-snails, two pairs 
of tentacles, with eyes either at the bases, or at the ends of 
the tentacles, or, as in Trivia californica (Fig. 189), thoy 
are situated on projections near the base of the tentacles, 
All the Gastropods move or glide over the surface by the 
broad creeping-disk, a modification of the foot of tho clam, 


e 
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ete, ‘The head is alike on each side, but posteriorly the body 


Pro. 187. Fro. 188, 
HS—A Welk Prcelnum evvtaceum, | Labrador 


sex Moree 
Rrevntrs pst =Frow Tenuey's Zool 
Pie. ite (—Prilcan's Woot. Aporrhals occlientatis. Noethorn New England. — 





igvecarad mass extending into the — 
abe cero adap | 
is symme 
sym: 


eNThe digestive tract is donbled on itself, the 
Yent ending on one side of the mouth, In 
os ores the intestine has numerous 

lateral offshoots, or gastro-hepatic branches, 
which resemble similar structures in the Plana- 
Finn and een vee. A heart is always 
present, except in parasitic Entoconicha, 
and sometimes, as in Chiton, Neritina, and 
reais ‘it is perforated by the intestine. In 
there are two Fedde to the heart, 
bats oreo but one is present. The Gastro- F te jorate, 
pods breathe by gills either free, or contained sired twice— 
in a cavity in the mantle, while in the land- 
snails (Pulmonata) the air is breathed directly by a lung-like 
gill in a mantle-cayity. ‘The kidney is single. Tho soxes 
are either distinct or united in the same individual. 

An excellent idea of the stracture of a typical Gastropod 

‘be obtained by a dissection of Natica (Lunatia) heros. 
The ‘isa large mollusk, common between tide-marks from 
Labrador to Georgia. On taking it up the student will 
notion the large, round, swollen, porous foot, from which 
the water pours as if from the ‘‘rose” of » watering-pot. 
‘The shell is large, composed of several whorls, with a small 
flattened spire or apex. ‘The sperture is large, lunate in 
shape, and can be closed by « large horny door or oper- 
vulum. (In some mollusks, Natica, Turbo, etc., the opor- 
eulum is of eolid limestone, and small ones are usod as “* eye- 
stones,” being inserted in the eye and moyed about by the 
action of the lids, thus cleansing the eye of irritant particles 
of dust, etc.) 

‘The animal should then be placed in a dish of salt water, 
and its movements obseryed. There are but two short, 
broad, flattened tentacles, situated on a flap or head-lobo 
(prosoma) of the mantle or body-walls. No eyes are present 
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in this species. The mouth is situated in front of the foot 
anid at the base of tho head-lobe, and is bounded by large puck- 
ered swollen lips. Cutting down from between the tentacles, 
a large buccal mass, the pharynx, is exposed. The mouth- 
cayity is roofed with two broad quadrant-shaped, flat thin 
teeth, with the free-edge serrated. On the floor of tho 
mouth lies the tongue,” or lingual ribbon (Odontophore), 
which is folded once on itself, and is a thin band composed 
of seven rows of teeth, those forming the two outer rows 
Jong and much curved, those of the central row being stout 
and three-toothed. The long slender wsophagus is tied 
down, near its middle, by the brain (supracsophageal gan- 
glion); just behind and beneath which are the two large 
salivary glands. ‘The msophagus suddenly dilates into a 
large stomach-like pouch, which is much larger in this 
species than in other forms allied to it. It is a sort of crop 
or proventriculus (the organ of Delle Chiaje), and rarely oo- 
curs in the Gastropods. On laying it open, it may be seen 
to be spongy at its anterior end, and posteriorly divided by 
numerous transverse partitions into small cavities. The 
csophagus beyond it is again slender, and leads to the 
stomach situated in the apex of the shell, partly embedded 
in the liver-mass which lies mainly beyond it. From 
the stomach the intestine returns to the head, widely dilat- 
ing into a large sacculated cloaca, before the free up- 
turned vent, which is situated on the right side behind and 
to the right of the right tentacle. The nervous system is 
represented by a pair of large ganglia, forming the brain 
(supramzophageal ganglia) situated just below and behind 
the pharynx. The two other ganglia were not traced, but as 
arale in all Cephalophora there are three pairs of ganglia, 
i. ¢., the brain (supramsophageal ganglia) with commissures 
passing around the gullet to the pedal or infrawsophageal 
ganglia, thus forming the msophageal nervous ring, while the 
visceral or paricto-splanchni¢ ganglia are placed at a varying 
distance behind the head. 

‘The heart, contained in its pericardial sac, and consisting of 
# ventricle and auricle, is situated near the posterior end of 
the gills, ‘The latter are disclosed by lnying aside the man- 
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tle on the left side of the body behind the head. In a Jargo 
Dunatia it is an inch Jong, with a vein at the base, the gill- 
Tobes arranged like the teeth in a comb, A smaller, much 
narrower gill lies within and parallel to it. The ovary is 
situated near the stomach, the ovi- 
duct ending near the vent. 

‘The eggs are laid in capsules (Fig. 
190, Purpura lapillus and two ogg- 
capsules) of varied form attached 
to rocks or, as in 7rochus and the 
ad in masses of jelly at- 

to sea-weeds or stones. rg ghd 

‘As a type of the mode of devel- me Rae ates 
opment of Gastropods may be cited that of Calyptraa si- 
nensis, represented in our waters by Calyptraa striata Say 


striata, ns Moree. 
of Cuyptren. "7, toot; «, velum ; m, mouth ; of, ectoderm ; ‘or, 
Salenst 
18. Veligor of OF Cabyptren further adtvanced. sm aantle: valu : foot 


a are oy Nee al 2, primitive kidney ; 4, ccowses end Fests 00 

According to Salensky, after segmentation of the yolk 
into eight cells the first four cells or ‘spheres of segmenta- 
tion” subdivide, enclosing the yolk-mass, and constituting 
the ectoderm or outer germ-layer, the yolk-mass forming the 
endoderm. The cells of the outer gorm-layer multiply and 
form the blastoderm, from which the skin, mantlo, and ex- 
ternal organs, as well as the walls of the mouth, arise. ‘The 
* primitive” mouth of the gastrula is formed by the invagi- 
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nation of the outer germ-layer ; the sides of the primitive 
month form the two sails of the yelum or swimming organ, 
and the embryo now assumes the veliger stage (Fig. 192). 
Soon the middle germ-layer (mesoderm) arises, and from 
the cells composing it are developed the muscles of the foot 
and head, as well as the heart itself. The mantle or body- 
wall next develops, and from it the shell, which originates in 
& cup-like cavity which is connected only around the edge 
with the mantle, being free in the centre. ‘The eyes and ears, 
or ofocysts, next appear, both organs arising as an infolding 
of the outer germ-layer. Hitherto symmetrical, the alimen- 
tary canal now begins to curve to the left, and the visceral 
sac, or posterior part of the embryo hangs over on one side. 
‘The nervous system is the last ‘to be developed. 

Fig, 193 represents the asymmetrical larva with the shell 
enveloping a large part of the body, and the ciliated yelam 
(v) and foot (f) well developed. A temporary larval heart 
(k) assumes quite a different position from the heart of the 
adult, and the primitive, deciduous kidney (&) is situated in 
quite a different place from the permanent kidney. The 
further changes consist in a gradual development of the hel- 
met-liko shell, the disappearance of the temporary larval 
structures, and tho perfection of the organs of adult life, the 
gills appearing quite late, 

The development of Trochus, the top-shell, exhibits more 

strikingly the trochosphere and 


veliger stages of molluscan life, 
and most Gastropods deyelop 
like this form. The velum 
at first forms a ciliated ring 
(Fig. 194, A, ¥) on the front end 
of the trochosphere, Fig, 194, 
B, represents the veliger state. 


Rare Teh Tt thus appears that the tem- 

shomphere jv, velum ; B. ‘elie A.A: porary larval or veliger form of 

dnenth Hints 4, amar the Gastropods are of vermian 

origin, the orguns last to be de- 

¥cloped, 7. ¢., the foot, shell and lingnal ribbon, which are the 
iistinetively molluscun characters, being the last to appear, 
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showing the lung and heart (4) and the mouth (#) as well 

as the four tentacles, with an eye at the end of the two 
upper tentacles. Fig. 203 shows the 
brain and pedal ganglia of Helix albola- 
bris. ‘The tentacles when carefully exam- 
ined may be found to contain both the 
eyes (¢) with the optic nerve (op) and the 
olfactory nerve (Fig. 206, 0), Fig, 204 
represents the jaw and lingual ribbon of 
Helix, 

The eggs of the pond-snails are laid in 
transparent capsules attached to snb- 
merged leaves, cte. Those of Physa 
heterostropha aro laid in the early spring, 
and three or four weeks later from fifty to 
sixty embryos with well-formed shells may 

Pig.100.—Limawvs ap- be found in the capsule. 
premu~Atae Mors. The eggs of Limnaus are laid late in 
the spring in capsules containing one or two eggs, and sur- 
rounded by a mass of jelly. After passing through the mo- 


666666 


Pic. 200.—Liswrey adoder, common pond-enall, showing ite variation — 
After Morea. 
rala, gastrula, and trochosphere stages a definite veliger 
stage is finally attained. The foot is large and bilobed, the 
mantle and hell then arise, and the definite mollusean char- 
acters are assumed, the shell, creeping foot, mantle-flap, eyes, 
and tentacles appearing, and the snail hatching in about 
twenty days after development begins. 

Land-snaile and sluge lay their eggs loose under damp 
leaves and stones, and development is direct, the young 
snail hatching in the form of the adolt. 








HIBLIX ALBOLABRIS. 
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The group of mollusks represented. by Chiton (Fig. 207, 
Chiton ruber) haye been referred to the worms by Jhering, 
on account of the segmented appearance 
of the plated shell, and the neryous sys 
tem, which consists of two parallel 
cords, connected by several commis- 
sures ;* as well as from the fact that the 
intestine ends at the hinder end of the 
body. The young 
is oval when hatch 
ed, and is a trocho- 
sphere, baving 
ciliated ring in the 
Pig: W—Sing, Neb middle of the body 
as with a long tuft of 
large cilia on the head. Afterwards 
it becomes segmented, as in Fig. 208, 
and is remarkably worm-like, the 
limestone plates of the adult corre- 
sponding to the primitive larval rings, 
Cortain Gastropods are useful either 
as food or in the arts, In Europo 
Littorina liltorea, the limpet (Patella of ah eae otantasie 
rivigada), tho whelk (Buceinum wn- "5 © ‘olfactory martes. 
datum), and the Roman snail (Helix 
pomatia) aro eaten, The sea-car 
(Haliotis) is roasted in the shell. 
The animal of Cymba, Strombus gi- 
gas, Turbo, Trochus, und Conns ure 
eaten in the tropics, while many of 
the larger forms are used for fish- 
bait. Pearls are sometimes found in 
ra the species of Haliotis and Twrbo. 
Te Ri-imevter, ‘The beautiful shell of Cassis is made 
of Chilon. into cameo pins, and the shell of 
Strombus gigas is in the West Indies made into ornaments, 


In Pisurella and Hatiotie the two nerve-cords from the pedal gan- 
gila are also united by nine transverse commissures, so that here also 
we have an approach t0 the double ganglionated cond of worms, 
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Marine shells in time date buck to the lowest Silurian 
period ; such are Maclurea, Holopea, Murchisonia, Pleuro- 
tomaria, etc., which occur fossil in rocks of the Potsdam 
period. The Palwozoic Gastropods are few in number com- 
pared with those occurring in Cretaceous and especially Ter- 
tiary formations. 

‘The earliest land-sails occurred in the Coal Period ; the 
living species are exceedingly numerous, and often much re- 
stricted in range, especially in the tropics ; the arctic forms 
are very scarce, but four or five species occurring in Green- 
Jand. There are over 22,000 species of Cephalophora known, 
of which 7000 are fossil. There are 6500 species of Pulmo- 
nata, 

Subclass 4. Heteropoda.—The Heteropods form a distinct 
subclass, the systematic position of which was for a long 
time unsettled ; but they are now classed among the Gas- 
tropods, being in fact related to the Opisthobranchiata. 
‘Their most striking peculiarity is the form of their foot, 
the anterior and middle portions of which are expanded to 
form a leaf-like fin, which often bears a sucker ; the pos- 
terior part of the foot is much elongated, and, reaching far 
backwards, appears to form a tail-like continuation of the 
body. The Heteropods are more or less transparent, and 
ure found swimming upon the surface of the ocean, upon 
their backs with their foot upwards. ‘The shell may or may 
not be developed ; when present it may be either simple or 
coiled. The nervous system resembles closely that of the 
true Gastropods, but is more highly developed; the brain 
consists of several supramsophageal ganglia forming part of 
an c@sophageal ring. From the brain arise the optic and 
auditory nerves. The two large eyes lie in special capsules 
near the feelers, and are movable by several muscles. The 
otocysts are also large, and contain a large spherical otolith. 
‘The otocysts are lined by an epithelium with bundles of 
long vibratile hairs, and with a cluster of sensory cells, form- 
ing » macula acustica, Organs of touch have also been 
described. The sensory apparatua of the Heteropods are 
highly specialized, and have been studied by Claus, Boll, 
Flemming, and others, The odontophore 1s well developed ; 
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then developed. Tho foot gradually lengthens and forms the 
characteristic fin or keel. ‘The velum is meanwhile ab- 
sorbed, the operenlum (Carinaria), or the operculum and 
shell, are thrown off, and the larva gradually aasumes the 
form and organization of the adult. The close relationship 
of the Heteropods and Gastropods is shown by the great 
similarity of their larve. Gegenbaur even goes so far as to 
inclade them under the Opisthobranchiata, while von Jher- 
ing unites them with Chitons and some other forms under 
the namo of Arthrocochlidw ; for the present it seems best 
to retain them as a subclass. 

The fossil genus Bellerophon is closcly related to the 
Atlantida. 


Cuass [L—CEPHALAPHORA. 


Moltuaks with a distinct head, with tentacles, eyes and cara in the head ; 
the foot forming a creeping disk; thebody either naked anc bilaterally ayus- 
metrical, or enclosed in a spiral shell, and consequently behind the head 
asymmetrical, Mouth with pharyngeal teeth and a lingual ribbon (odon- 
tophore). Nereows system consisting of four pairs of ganglia, the brain 
well developed. The intestine uswally ending near the mouth. ‘The heart 
with waually a single auricle. Breathing by a single gilt, or a lung-like 
gill ; a dowble kidney, but forming a single mass, Sexes united or sepa- 
rate. Young passing through @ morula, gastrula, sometimes a trocho- 
apheré and uaually a veliger stage; in the land-eaile development 
dived, 


Subelass 1. Scaphopoda.—No head, several long thread-like tentacles ; 
foot long; trilobed. Shell long, conieal, open at each end, 
‘A single order Solenoconche, (Dentalium, Siphonodenta- 
lium.) 


Subelare 2, Pteropoda—Body with two wing-like expansions (velam) 
on the front part of the foot, for swimming ; body naked or 
shelled. Hermaphroditic Larva with a velam and shell, 
Order 1. Thecostomata (Hyalea, Cleodora, Cavolina), Onder 
2. Gymnosomata, (Clione), 

Subclass 3, Gastropoda.—Order 1, ProsobraneMata (Haliotls, Patella, 
Trochus, Littorina, Lanatia, Paladins, Tarritella, Ianthina, 
Cypron, Strombus, Cassie, Baccinum, Nassa, Parpura.) 
Order 8, Opisthovranchiata, (Bulla, Aplysia, Kolis, Doris.) 
Order 3, Pulmenats, (Limneus, Planorbis, Auricala, Helix, 
Balimus, Limax). 








Onass IM.—Cernaroropa (Sguids and Cuttle-fishes). 


General Characters of Cophalopods.—Tho essential 
featzires of this class may be observed by a study of the com~- 
mon squid, represented by Fig. 212. ‘The following account 

based on dissections of Loligo Pealii Lesuour (Fg. 
213). A general view of the body of tho entire squid, 
with its arms and suckers, is given in the accompanying 
Mlnstration (Fig. 212) of Zoligo pallida Verrill, ‘Tho body 
is fish-like, pointed behind, and with two broad fleshy fin- 
like expansions at the end of the body. ‘Tho hoad is dine 
4inct from the mantle or body, and the mouth is surrounded 
by 8 crown of ton long stout pointed arms, provided on the 
inner side with two rows of alternately arranged oup-ehapod 
suckers, each sucker being spherical, hollow, with » horny 
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tim inside. Two of the ten arms arise from the under side 
of the head ; they are twice the length of the eight others, 
and oval at the end. On each side of the head behind the 
tentacles are the remarkably large eyes, which, though usual- 
ly said to be more like the vertebrate eye than those of any 
other invertebrate, are really 
constructed fundamentally on 
the same plan as the eye of 
the snail ; differing in several 
important respects from that 
of a Vertebrate, the resem- 
blances between the two being 
superficial, while the struc- 
ture of the eyes of mollusks is 
quite unlike that of Crusta~ 
ceans, insects or Vertebrates. 
The mantle loosely invests 
the front of the body next to 
) the head, so that the water 
passes in around the neck in 
&| order to bathe the gills, which 
are quite free from the visce- 
ralmass, The mantle is bean- 
tifully colored and spotted, 
the change of color being due 
to the change in form of the 
pigment masses or chromato- 
phores, which are under the 
influence of the peripheral 
nerves, 
‘The mantle is supported by 
are — male. About a horny “pen” (Fig. 214), or 
ove ied dara eane—Atee Vert van-ohoped. thi eafh@ebaes 
tending from the upper side of the anterior edge of the 
mantle to the end of the body. In the Sepia of the Medi- 
terranean Sea this is thick, formed of limestone, and is 
called the * cuttle-fish bone.” 
The organs of digestion consist of a mouth, pharynx, 
c#ophagus, stomach and intestine. ‘The mouth is situated 
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between the tentacles, and is surrounded by a double fleshy 

lip, the outer fold of the lip bearing short fleshy pointed lobes 
opposite the spaces between the tentacles. The 
pharynx is large, muscular and bulbous, contain- 
ing two powerfal horny teeth, shaped like a par- 
rot’s beak ; the two jaws are unequal, the lower 
one the smaller, moying yertically. On opening 
the base of the smaller jaw, the lingual ribbon or 
odontophore (Fig. 213, po) may be discovered ; it 
consists of seven rows of teeth, somewhat as in 
those of Architouthis Hartingit (Fig. 215). 

‘The @eophagus () is long and slender, with two 
long oval salivary glands (sg) on each side of it, just 
behind the pharynx; the salivary duct leading 

| into the mouth-cayity. The csophagus has 
\] soveral internal longitudinal folds, and passes 
on one side of the large liver (J) which lies in 
front of the stomach, and which is about one 
third as long as the whole body, extending back- 
wards. 

On laying open the stomach, o series of large 
somiciroular transverse curved valves may be 

Fig. 24.- een, occupying the anterior third of the stom- 

it fete? ach (s), while beyond are scattered glandular 

mwa masses, ‘The pyloric end opens into an oval 

cooum (ca) with about fourteen longitudinal, 

thin high ridges. hore is no spiral portion attached, The 

intostine (én) is straight, thick, and passes forward, ending 
in a large vent (a), the edges of 


which are lobulated. ‘The *ink- 
bag” (Fig. 213, i) can be recog- 
nized as a purse-like silvery sac, 


filled with a dense acer the 

sepia, which, like the Chinese . 215.—Part of ling 
jiu, ean be uned for drawing. archi Soden 

The duct in straight, and is intimately attached to the in- 


testing, ending close to the yent, both the yent and open- 
of the duct of the ink-bag being situated at the bot- 
ho fannel or siphon (Fig. 213, 7), which is a large 
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Besides this set of five cephalic ganglia, there are three pairs 
of ganglia belonging to the visceral or sympathetic nerve, 
which arise from the viscerul ganglion situated among the 
viscera ; a single one (the ventricular or splanchnic ganglion) 
is situated over the stomach near the origin of the aorta, 
which sends a nerve to the ewcum, and another accompanies 
the aorta; the mate to this ganglion is situated near the 
vena cava, A pair of ganglia is situated on the mantle walls 
(ganglia stellata), and there are two branchial 
ganglia. The kidneys (&) are irregular 
branching spongy bodies, in intimate con- 
nection with the auricles or branchial hearts. 
The sexes are distinct. The ovary (0) is 
large, especially when the eggs are ripe, and 
is situated in the end of the body-cavity. 
The single oviduct is as in some worms, 
separate from the ovary, and in this respect 
the Cephalopods approach or anticipate the 
Vertebrates, in which the oviduct is also 
separate from the ovary. The oviduct 
(or) is a thick straight tube, with a flaring, 
deeply-lobed mouth. The eggs,when ex- 
traded, are enveloped in a large gelatinous 
eapsule (Fig. 216), which is secreted by the 
large flattened nidamental gland (¢c) on the 
floor of the body-cavity, tied down at cach 
end by cord-like membranes, Usually there 
et eae Reak. are two nidamental glands, 
ane Yous. ‘The earliest phase of development of the egg 
of most Cephalopods (Sepia, Loligo) is like that of birds and 
reptiles, the yolk undergoing partial segmentation, the blasto- 
derm boing restricted to a small disk, agin Vertebrates, Eyen- 
tually the blastoderm encloses the whole yolk, the mantle 
begins to form, the eyes aro at first in-pushings of the outer 
germ-layer, and the mouth appears, The digestive tract 
originates from a primitive invagination of the outer germ- 
layer (ectoderm), as in Amphioxus, Ascidians, worms, and 
some Calenterates. About the tenth day, as observed by 
Ussow, at Naples, the gills, siphon or funnel, and arms arise, 
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appeared. Tho squids or cuttle-fish are very active, some- 

times leaping out of the water and falling on the decks of 
Jarge vessels, They dart rapidly back- 
ward by ejecting the water from their 
siphon or funnel. 

The Cephalopods are divided into 
two orders, according to the number of 
their gills. 

Order 1. Tetrabranchiata. — This 
group, in which the gills are four in 
number, is represented by the Nautilus, 
the sole living representative of a num- 
ber of fossil forms, such as Orthoceras, 
Goniatites and Ammonites, 

Nautilus pompilius Linn. (Fig. 222), 
and Nautilus umbdilicatulus are the 
only survivors of about 1500 extinct 

wk Gattrberadrenca” species of the order, 

Order 2, Dibranchiata.— The Di- 
branchiates are 80 called from possessing but two gills, while 
the 7etrabranchiates had, as in Nautilvs, numerous unarmed 
tentacles ; these are now represented by ten (Decapoda), or 


Me. enero ot om wakaten Sentie-tett 1, welam ; y, ole maf, man 
vera, ch trther atvanced. a, a, arma mouth br 
+ f, funnel esr pcre exnation ; mf, manta, the Pine endlog ine 


en (Octopoda) arms, provided with numerous suckers. To 
the ten-armed forms belong Spirwla, a diminutive cuttlo, with 
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have been found at sea, or cast ashore at Newfoundland and 
the Danish const; or their jaws occur in the stomach of 
sperm whales, az squid of all sizes form a large proportion of 
the food of sperm whales, dolphins, porpoises, and other | 
Ceotaceans provided with teeth, The largest cuttle-fich 
known is Architewthis princeps Verrill, the body of which 
must be about six and a half metres (nineteen feet) in length, 


d nearly two metres 

(five fect, nine inches) 

in circumference, The 

two longer arms are 9 

metres long. Architou- 

this monachus Steen- 

strap has a body about 

two metres (seven feet) 

long, and the twolong- 

er arms seven metres 

(twenty-four feet) 

} long. A still larger 

individual was eati- 

mated by Verrill to be 

in total length about 

fourteen metres (forty- 

tal Hews ult of Solnc ane verde ™* four feet). Tt is xome- 

times thrown ashore 

on the coast of Newfoundland and Labrador, and in one in- 
stance attacked two men in a boat. 

The Octopus (Fig. 223) and Aryonanta represent the 

cight-armed forms, 
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nercous ganglta much concentrated and protected by an imperfect cartita- 
ginous capsule ; pharynz armed with two teeth like a parret’s beak, be- 
sides an odontophore. Sexes distinct. Unually development ia direct, 
with no metamorphoris ; segmentation of the yolk partial, and a primi 
tite streak is present aa in birds and reptiles, 
Order 1, Tetrabranchiata—With four gills. (Nautilus, living ; Or. 
thocerns, Goniatites, Ammonites, extinct.) 
Order 2, Dibranchiata.—With two gills, (Spirula, Belemnites, ox- 
tinet, Sepia, Architeuthis, Loligo, Ommastrephes, Octopus 
Argonauta.) 


Taputar View or Tax Cuasses or MOLLUscA. 


Cephalopoda, 


Cophate 
Lamellibranchiata, 


Mouueca. 





Laboratory Work.—The cattles are not easy to dissect. A horizon. 
tal section through the bead will how the relations of the cartilaginous 
capsule to the brain, optic nerves and eyes. The nervous ganglia can 
only be traced after tedious dissection. To study the viscera freslily- 
killed specimens are quite essential, 





Articulata of Cuvier as a heterogeneous assemblage of 
forms embracing at least three branches of the animal king- 
b dom, namely, the Vermes, 
Tunicata, and Arthropo- 

da, 


The Arthropoda are di- 
vided into two well-de- 
fined classes, #,¢., the 

f Crustacea with two body- 

regions, the head-thorax 

Tig, 8. —Shrimp, Pulamonetar eutgart, and abdomen (Fig. 225), 

& crphalo-thorax ; & shdeenen, and breathing through 

the body-walls or by external gills; and the Jnsecta (Zra- 

cheata), in which the arthromeres are grouped into three 

body-regions, #, ¢., a head, thorax, and abdomen ; and which 
breathe by internal air-tubes (tracher), 


Crass I.—Orvstacka (Water-fleas, Shrimps, Lobsters, 
and Crabs). 


General Characters of Crustaceans.—The typical forms 
of this class are the craw-fish, lobster, and crab, which the 
student should carefully examine as standards of comparison, 
from which a general knowledge of the class, which varies 
greatly in form in the different orders, may be obtained, 
The following account of the lobster will serve quite ag well 
for the craw-fish, which abounds in the rivers and streams 
of the Middle and Western States, 

‘The body of the lobster consists of segments (somites, 
arthromeres), which in the abdomen are seen to form a com- 
plete ring, bearing a pair of jointed appendages, which are 
inserted between the sternum and tergum, the pleurum not 
being well marked in the abdominal segments, The abdo- 
men consists of seven segments. One of these segments 
(Big 226 D’) should be separated from the others by the stu- 
dent, in order to obeerve the mode of insertion of the legs. 
Each segment bears but a single pair of appendages, and it 
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is a general rule that in the Arthropods each segment bears 
bata single pair of appendages. The abdominal feet are 
called “‘swimmerets ;” they are narrow, slender, divided at 
the end into two or three lobes or portions, and are used for 
swimming, as well as in the female for carrying the 

‘The first pair are slender in the female (Fig. 226, B2) and not 
divided, while in the male (Fig. 226, Bg) they are much 
larger, and modified to serve as intromittent organs. The 
sixth segment (Fig. 226, G) bears broad paddle-like append- 
ages, while the seventh segment, forming the end of the 
body and called the “telson,” bears no appendages. It rep- 
resents mostly the tergum of the segment. Turning now to 
the cephalo-thorax, we see that there are two pairs of an- 
tennw, the smaller pair the most anterior ; a pair of mandi- 
bles with a palpus, situated on each side of the mouth ; 
three pairs of maxille or accessory jaws, which are flat, di- 
vided into lobes, and of unequal size ; two pairs of foot-jaws 
(maxillipedes), which differ from the maxille in having gills 
like those in the five following pairs of legs. There are thus 
thirteen pairs of cephalo-thoracic appendages, indicating that 
there are thirteen corresponding segments ; these, with the 
seven abdominal segments, indicate that there are twenty 
segments in a typical Crustacean. By some authors the eyes 
are regarded as homologues of the appendages, but in early 
life they are seen to be developed on the second antennal seg- 
ment, as they are in the lower Crustacea. They are simply 
modified epithelial cells of the body-walls, as in the eyes of 
the lower invertebrates, The ears are situated in the smaller 
antenns (Fig. 226, a). In the second or larger antenne are 
situated the openings of the ducts (Fig. 226, 4) leading from 
the “‘ green glands,” while the external openings of the ovi- 
ducts are situated, each on one of the third pair of thoracic 
feet. 

It is impossible, except by counting the appendages them- 
selves, to ascertain with certainty the number of segments 
in the cophalo-thorax, the dorsal portion of the segments be- 
ing more or leas obsolete, but the carapace, or shield of the 
head-thorax, may be seen, after close examination, to rep- 
resent the second antennal and mandibular segments, 
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ipereleped as to cover the other cephalo-thoracic 

thus exemplifying, in an interesting way, Audou- 

the development of one segment or part of a 

segment expense of adjoining parts or segments ; this 
the Arthropods, as well 


in the greater concentration headwards of the nervous sys 
tem of the crab. 

To study the internal stracture of the lobster, the dorsal 
surface of the carapace and of each abdominal segment 
should be removed ; in so doing the Aypodermis or soft inner 
layer of tho integument is disclosed ; it is usually filled with 
red pigment cella, The dorsal vessel, or heart, lies under 
the hypodermis of the carapace, this being an irregular 
hexagonal mass surrounded by a thin membrane (pericar- 
dium) with four valvular openings for the ingress of the 
yonous blood. The colorless, corpusculated blood is pumped 
by the heart backwards and forwards through three anterior 
arteries, one median and two lateral, the modian artery pass 
ing towards the head over the large stomach, and the two 
lateral, or hepatic arteries, passing to the liver and stom- 
wh. From the posterior angle of the heart arise two 
arteries ; the upper, a large median artery (the superior ab- 
dominal), passes along the back to the end of the abdomen, 
sending off at intervals pairs of emall arteries to the large 
masses of muscles filling the abdominal cavity ; the lower is 
the second or sternal artery, which connects with one extend- 
ing along the floor of the body near the thoracic ganglia 
of the nervous cord. The arteries become, at least in the 
liver, finely subdivided, forming a mass of capillaries, Thero 
are no veins such as are present in the Vertebrates, but a series 
of venous channels or sinuses, through which the blood re- 
turns to the heart, There is a large yein in the middle of the 
ventral side of the body. 
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‘The blood is driven by the heart through the arteries, and 
large part of it, forced into the capillaries, is collected by 
the ventral venous sinus, and thence passing through the 
gills, where it is oxygenated, returns to the heart. 

The gills are appendages of the three pairs of maxilli- 
pedes and the five pairs of feet, and are contained in a 
chamber formed by the carapace ; the sea-water passing into 
the cavity between the body and the free edge of the cara- 
pace is afterwards scooped out through a large opening or 
passage on each side of the head, by a membranous append- 
age of the leg, called the “ gill-bailer” (Scaphognathite), 

‘The digestive system consists of a mouth, opening between 
the mandibles, an asophagus, a large, membranous stomach, 
with very large teeth for crashing the food within the large 
or cardiac portion, while the posterior or pyloric end forms 
a strainer through which the food presses into the long, 
straight intestine, which ends in the telson. The liver is 
very large, dark green, with two ducts emptying on each side 
into the junction of the stomach with the intestine. 

‘The nervous system consists of a brain situated directly 
under the base of the rostrum (supramsophageal ganglion), 
from which a pair of optic nerves go to the two eyes, and a 
pair to each of the four antenne. The mouth-parta aro 
supplied with nerves from the inframsophageal ganglion, 
which, with the rest of the nervous system, lies in a lower 
plane than the brain, There are behind these two ganglia 
leven others; the cephalo-thoracie portion of the cord is 
protected above by a framework of solid processes, which 
forms, as it were, a “‘false-bottom” to the cephalo-thorax ; 
this has to be carefully removed before the nervous cord can 
be laid bare. A sympathetic nerve passes around each side 
of the msophagus and distributes branches to the stomach. 

‘The nerves of special sense are the optic and auditory 
nerves, The eyes are compound, namely, composed of many 
simple eyes, each consisting of a cornea and crystalline 
cone, connected behind with a long, slender connective rod, 
uniting the cone with a spindle-shaped body resting on or 
against an expansion of a fibre of the optic norve, and is 
ensheathed by a retina or black pigment masa (Fig. 2264). 
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Though as many images may be formed in each eye as thero 
are distinct crystalline cones, yet, as in man with his two 
eyes, the effect upon the lobster’s mind is probably that of 
a single image. 

‘The Jobster’s cars are scated in the base of the smaller or 
first antenne ; they may be detected by a clear, oval space 
on the upper side ; on laying this open, a large capsule will 
be discovered ; inside of this capsule is a projecting ridge 
covered with fine hairs, each of which contains a minute 
brinch of the auditory nerves. The sac is filled with water, 
in which are suspended grains of sand which find their way 
into the capsule, A wave of sound disturbs the grains of 
sand, the vibrations affect the sensitive hairs, and thus the 
impression of a sound is telegraphed along the main audi- 
tory nerve to the brain. 

Organs of touch are tho fino hairs fringing tho mouth- 
parts and legs, The seat of the sense of smell in tho Orus- 
tacea is not yet known, but it must be well developed, as 
nearly all Crustacea are scavengers, living on decaying mat- 
ter. Crabs also have the power of finding their way back to 
their original habitat when carried off even for several milos. 

‘The two large so-called ‘green glands” situated on each 
side within the head-thorax, and having an outlet at the 
base of each of the larger antennm, are probably renal in 
their functions, corresponding to the kidneys of tho vurto- 
brate animals. 

The ovaries and corresponding male glands, aro yolumi- 
Tons organs, the testes being white, and the ovaries, whon the 
Tobater is about to spawn, being highly colored, usually pale 
green, and the ovarian eggs are quite distinct. Tho lobster 
spawns from March till November; the young are hatched 
With much of the form of the adult, not passing through a 
metamorphosis, as in most ehrimps and craba. They «wim 
near the surface until about one inch long, when they re- 
Main at or near the bottom. 

‘The lobster probably moults but onceannually, daring the 
Warmer part of the year, after having nearly attained ite 
maturity, and when about to moult, or caxt ita tegument, the 
earapace splite from its hind edgo as far as the bas of the 
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rostram or beak, where itis too solid to soparate. The lobster 
then draws its body out of the rent in the anterior part of 
the carapace, ‘The claw—at this time soft, fleshy, and very 
watery—is drawn out through the basal joint, without any 
split in the old crust. In moulting, the stomach, with the 
solid teeth in the cardiac portion, is cast off with the old in- 
tegument ; why the stomach can thus be rejected is explained 
by the fact that the mouth, esophagus, and stomach are con- 
tinuous in early embryonic life with the epithelium forming 
the outer germ-layer, the mouth and anterior part of the 
alimentary canal being the result of an invagination of the 
ectoderm. ‘The old skin is originally loosened and pushed 
away from the hypodermis, or under-layer, by the growth of 
temporary stiff hairs, which disappear after the skin is cast ; 
the hairs, however, at least in the craw-fish, do not occur on 
the line of the facetted cornea, on the oye-stalk, or on the 
inner lamellm of the fold of the carapace over the gill- 
opening. 
The studentis now prepared to understand the descrip- 
tions of the types of the different orders, The Crustacea 
may be divided into two series of orders, or two subclasses, 
he, the normal Crustacea, in large part composed of spe- 
cies now living, though containing numerous palwozoic forms, 
for which we would propose the term Neocarida ; and the 
more generalized type of Crastacea, which abounded almost, 
to the exclusion of other Crastacea, except the bivalved mi- 
nute forma, in the Palwozoic age of the world, and which 
may be called the Palocarida. They are represented by 
tho fossil Trilobites and Lurypterida, and the only surviving 
member, the King-Crab (Zimnlus). 

We will now study the orders of Neocarida, treating of 
them as heretofore in the ascending order. 

Order 1. Cirripedia.—The barnacles would, at a first 
glance, hardly be regarded as Crustacea at all, s0 much 
modified is the form, owing probably to their fixed, para- 
sitic mode of life. Indeed they were formorly placed among 
the Mollusca, until, in 1836, Thompson found that the 
young barnacle was like the larva of other low Crustacea 
(Copepoda), ‘The barnacle is, as in the common sessile form 
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(Fig. 227), a shell-like animal, the shell composed of several 
pieces, with a multivalye, conical movable lid, having an 
opening through which several pairs of long, many-joint- 
ed, hairy appendages are thrust, 
thus creating a current which sets 
in towards the mouth. The com- 
mon barnacle (Balanus balanoi- 
des Stimpson) abounds on every 
shore from extreme high- 
water mark to deep water, and 
the student can, by putting a 
group of them in sea-water, ob- 
serve the opening and shutting 
of the valves and the movements Pg. 2A hermle Bolanus 
of the appendages or “cirri.” 

The structure of the barnaclo may best be observed in 
dissecting a goose barnacle (Lepas fascicularis Ellis and 
Solander, Fig. 228). This barnacle consists of a body (capit- 
ulum) and leathery peduncle, There are six pairs of jointed 
feet, representing the feet of the Cyclops (Fig. 236). The 
mouth, with the upper lip mandibles (B, 1), and two pairs 
of maxille, will be found in the middle of the shell. A 
short asophagus (according to J, 8, Kingsley, whose ac- 
count we are using) leads to a pouch-like stomach and tubular 
intestine. This form, like most barnacles, is hermaphroditic, 
the ovary (A, o)lying at the bottom of the shell, or in the 
pedunculated forms in the base of the peduncle, while the 
male gland (¢) is either close to or some distance from the 
ovary. There is also at the base of the shell, or in the pe- 
duncle when developed, a cement-gland, the secretion of 
which is for the purpose of attaching the barnacle to some 
tock or weed. 

While the sexes are generally united in the same indi- 
vidual, in the genera [bla (Fig. 229) and Scalpellum (Figs. 
230, 231), besides the normal hermaphroditic form, there 
are females, and also males called ‘‘complementary males,” 
which are attached perasitically both to the females and 
the hermaphroditic forms, living jnst within the valves or 
fustenod to the membranes of the body. These comple- 
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mental males are degraded, imperfect forms, with sometimes 
no mouth or digestive canal. ‘The apparent design in nature 
of their different sexual forms is to effect cross fertilization. 
The eggs pass from the ovaries into the body-cavity, where 


fhe 


2 rodimen 
jane nthe macs 
age gO 


ere are fertilized, and romain for some time, They pas 
through a morula condition, a suppressed gastrula or two 
layered state, and hatch in a form called » Nanplina, f 
the faet that the free-swimming larva of the Entomost 
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was at first thought to be an adult Crustacean, and deserited 
under the name of Naupiius. The Nauplius 
of the genuine barnacles (Fig. 232) has three 
pairs of legs ending im long bristles, with a 
single eye, and s pair of antennw, the body 
ing in front in two horns, and posteriorly 
in a long caudal spine. After swimming 
about for a while, the Nauplins attaches it- 
self to some object by its antenns, and nowa pie a — me 
transformation results. The body is Complonen sry 
enclosed by two sets of valves, appearing as if After Darwin 
bivalved, like a Cypris (Fig. 233) ; the peduncle grows out, 


Fig. 2. 


a lum. 4, complement 
pale, lodged wihin the valves. Aner Wyre. 
pan, 
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ling the rudimentary antenna, and the feet grow 
ler, and eventually the barnacle-shape is attained. Tho 










Vig, S31.—Pupa of Lea, much on- 
ea Afier Darwin. 





oT ZRcNaurlne of Batons ba 


common barnacle (Balanus balanoides) attains its fall size, 
after becoming fixed, in one season, i, ¢,, between the first of 
April and November, : : 
Still lower than the genu- 
ine barnacles are the root-bar- 
nacles or Rhizocephala, repre- | 
sented by Peltogaster (Fig. 
234) and Sacentina (Fig. 235), 
in which the young is a more 
simple Nauplivs form, like 
the young of the Eintomostra- 
ca, while the adult is a sim-_ 
ple sc, containing no diges- 
tive organs or nerves. From 
the feet of the young grow 
out, after the animal becomes | 
sessile, long root-like fil 
ments, which ramify in the? 
body of the crab, to which | 
these animals are firmly an- 
chored. We can conceive of 
no lower, more degraded Orus- 
tacean than these root-barna- 
cles, the only signs of life being the powerful contracti 
of the roots and an alternate oxpansion and contractio 


EE 
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the body, forcing the water into the brood-cayity, and again 

expelling it through a wide orifice. These root-barnacles 
recall the Trematode worms, though the 
latter are much more highly organized. 
An allied form (Cryptophialus minutus) 
undergoes the larval or Nauplius stage 
in the egg, hatching in the pups condi- 

(all, 2B.< Scena car. tion, while another form (a species of 

Bcd ot feet Sere ?) also leaves the egg in the 

2 Order 2, Entomostraca (Water-fleas). 

—The type of this group is Cyclops (Fig. 236, C. guad- 

ricornis, seo also Fig. 237) in which the body is pear- 

shaped, ‘with a single bright eye in 

the middle of the head; two pairs 

of antonns, used for swimming as 

well as sense-organs ; biting mouth- 

parts, and with short legs. The 

sexes are distinct, the females swim- 

ming about with two egg-masses 

attached to the buse of the ab- 

domen. The young isa Nauplius, 

much like that represented in Fig. 

284, the mouth-organs, the legs 

and abdominal segments arising 

after snecessive moults, until the 

adult form is attained. Allied to 

Cyclops is Canthocamplus caver. 

narum Packard ( 38), an eyed 

species, living in Willie’s Spring, in 

Mammoth Cave. 

Many Entomostraca are parasitic, 

and consequently undergo a retro- 

grade development, losing the 

jointed structure of the body, the 

appendages being moro or less 28 — Oyctope. A 

Eenct, while the body increases = oe Sa 

greatly in size, Such are the fish-lice, represented by the 

Lernaa of the cod. 
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In Lerneonema radiata Steenstrap and Latken (Fig. 239), 
we find the lowest term in the series of degradational forms 
of this order. The 

¢ mouth-parts are here 

converted into five 

roots, radiating from 

the head; the body 

is not segmented, and 

ends in two long egg- 


like, buried in the 
the sun-fish or sword-fish, etc., the females having 


lis Linn. of the gills of 
the cod, the body is 
thicker, the root-like 
appendages grow deep 
into the flesh of its 
host, Jike twisted and 
gnarled roots, while the 
ahapeless sac-like body 
is filled with oggs. 
In Actheres, we as- 
cend a step higher in 
the perfection of or- 
gans; the creature is 
attached by a pair of 
jaws which unite to nartin of Mammots Core, teh Pict louse ot 
form a sucker, the an- i 


tennm are present, though radimentary, while 
the abdomen is faintly segmented, <A. Carpenter Packard 
(Fig. 240) lives on the trout in Colorado, 
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The highest members of the group of sucking Entomo- 
atraca are Caligus and Argulus, in which the body iy aeg- 
mented, with antenne and free 
mouth-parts and legs; the latter 
genus with compound eyes, Cuali- 
gus curtus Maller lives on tho cod, 
and Argulus alos@ Gould on the 
alewife. 


Order 8. Branchiopoda. —'This 
onler includes such Crustacea as 
in the higher forms breathe by 
rather broad feet, There is a con- 
siderable range of 
form from the 
Ostracoda, repre- 
sented by Cypris, 
in which the feet air his heteices ot eaten 
are much as in Cy- 
clops, through Daphnia and Sida (Fig, 242) 
which represent the Cladocera, up to the 
Phyllopods, ‘The suborder of Ostracoda 
(Cypris) are bivalved, tho shell often thick. 
‘They have two eyes, two pairs of antennm, 
a pair of mandibles with a jointed feeler 
(palpus) and a gill, and four pairs of fect, 
the second pair often carrying a amall gill. 
The shells of certain species allied to Cypris 
abound in the lowest Silurian strata. The 
species live in fresh-water pools and in the 
ocean at various depths, They undergo no 
metamorphosis, the youngest atage being a 
shelled Nauplins. 

The suborder Cladocera is represented by 
fresh and salt-water species. The higher 
forms are Sida and Daphnia, They are 
called water-fleas from their jerky motions. 

*s The eggs of Daphnia are borne about by 

Pig 211—Penetia of the females in so-called brood-cavities on 
whe eroci-teh, femal® the back under the shell. There are two 
sorts of oggs, i, ¢., the “summer” eggs, which are laid by 
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asexual females, the males not appearing until the autumn, 
when the females lay the fertilized “ winter” eggs, which are 
surrounded by a very tough shell. Dohrn observed the de- 
velopment of the embryo in the summer eggs, At first the 
embryo has but three pairs of appendages, representing the 
antennw and one pair of jaws. It is thus comparable with 
the Nauplius of the Copepodons Znfomostraca, and thus the 


Fig. 8t8.—Sldm. 4, ong in beood-nac, 


Cladocera may be aid to pass through a Nanplius stage in 
the egg. 

Afterwards more limbs grow ont, until finally the embryo 
is provided with the full number of adult limbs, and hatches 
in the form of the mature animal, undergoing no farther 
change of form. 

‘The members of the suborder Phyllopoda are more highly 
developed than any of the Crnstacea mentioned, though, like 
the Ostracodes and Oladocera, the body is usually partly 
covered by a large carapace (the mandibular segment greatly 
developed), which is sometimes bent down, and opens and 
shuts by an adductor muscle, so that they resemble bivalve 





thus being irrelatively =" 
repeated, a sign of inferiority. Thore is a pair of simple 
eyes consolidated into one as im Limnetis and Limnadia, or 


as in Apus, there is a 

pair of compound eyes, 

situated in the cara- 

pace, apparently on 

one of the antennal 

segments, In Bran- 

chipus and Artemia 

the compound eyos 

are stalked, an antio- 

ipation of the stalked 

eye of the lobster, 

i BO Sh Ge 

shonld be noticed, is not developed from a separate 

segment, but from one of the two antennal segments, All 

the members of this order hatch in the Nauplius form, the 

three pairs of appendages of the larva, representing the two 

pairs of antennw and the mandibles of the adult, ‘The spe- 

cies live in pools of fresh water liable to dry up in summer ; 

they lay eggs which drop to the bottom, and show great vi- 

tality, withstanding the heat and drynces after the water 

has evaporated ; the young hatching after the rains refill the 
pools or ditches. 
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‘This suborder presents a beautiful series of increasingly 

complex forms, as we ascend from Limnetis to Branchipus, 

In Limnetis the bivalve shell encloses the ani- 

mal, and is the size of a small flattened pea. 

There aro from ten to twelve feet - bearing 

segments. J. Gouldti Baird (Fig. 243) is very 

rare in Canada and New England. The shell 

of Zinmnadia is thin, oval, and there are from 

eighteen to twenty-six feet-bearing segments. 

L, (Bulimnadia) Agassizit Packard (Figs. 244 

b and 245) inhabits pools in Southern New En- 

gland. The shell of Zstheria (Fig. 246, Hs- 

are theria Belfragei Packard) is sometimes mis- 

legof malo Zine taken for that of tho fresh-water mollusks 

nur. 3"'kand’'S, Cyclas and Pisidium. ‘The males of the fore- 

end of Body. going genera have the first pair of feet: modi- 
fied to form large claspers (Fig. 245). 

In Apus the abdomen projects beyond the large carapace, 
and ends in two long many-jointed appendages. There are 
about sixty pairs of feet, cach foot 
divided into several leaf-like lobes, 
wherein respiration is carried on. 

These Phyllopods usually swim upon 
their backs, as in the species of Bran- 
chipus. The females chiefly differ 
from the males in the presence of an an 
orbicular egg-sac on the eleventh pair Buffonkularned three 
of feet, the sac being a modification of 
two of the lobes of the feet, and containing but a few eggs. 
Apus aqualis Packard (Fig. 247, Fig. 249 A, represents the 
larva of a European Apus) inhabits pools in the western 
plains. Zepidwrus differs from Apus in having the telson 
spoon-shaped instead of square. ZL. Cowesit Packard (Fig. 
248) occurs on the Rocky Mountain platean in Utah and 
Montana. It is an interesting fact in zoo-geography that 
there are no species of Apus and Lepidurus cast of the weat- 
ern plains, Apws has boon found by Siebold to reproduce 
parthenogenetically. 

The various species of Branchipus end Artemia have no 
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carapace, the mandibular segment being small and not over- 
lapping the segments behind it, The second antennme are 


Fig. 2¢7.—Apus aepuaiis, natured alee. 


large and in the male adapted for 
clasping. In Thamnocephalus (Fig. 
250, 7. brachyurus Packard, from 
Kansas) there is « singular shrub- 
like projection of the front of the 
head, and the abdomen is spatulate 
or spoon-shaped at the end. Bran- 
chinectes Coloradensis Pack. (Fig. 
251) is a Rocky Mountain form. 
The brine-shrimp, Artemia, lives 
only in brine-vats or in tho salt 


Fig. 26. —Lepidurar Coweati, 
side “and ‘doreal view, ‘natnral 
rite, 


Fig. 9eh-—a, Larva. of pve con- 


er lfeorne. isch. 
Sfoupllns of Artemba alia ote: 
rope, 


Takes of the West and of Southern Europe. Artemia gra- 
cilis Verrill (Fig. 252) has thus far only been found in tubs 
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of concentrated salt water on railroad bridges in New En- 
gland. Artemia fertilis Verrill abounds in Great Salt Lake. 


. 290. — TRamnocepAalus rus, wale, natural size, aide and front view, a, 
neatot the female; 0, end “tt ae bony of the female. showing the ovianc, 


They may often be seen swimming abont in pairs, as in 
Fig. 253, This species has a Nauplius young like that of 


a 2 
SSS 


Pig. B1.—Branchinecter Cotoradensis Pack. 


the brine-shrimp of Europe (Fig. 249 2). It is a signifi- 
cant fact, bearing on the question of the origin of species, 
that, according to Schmankiewitech, Ar/emia may change its 
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form, tho change being induced by the greater or less ealtness 
of the water. Artemia produces young by budding Noon 
nogenesis) as well as from eggs. 

A species observed near Odessa 

produced females alone in warm 

weather; and only in water of {——— 

mediam. strength were males r 

produced. The eggs of Arte- 
ntia fertilis have been sent in 
moist mud from Utah to Mu- 
nich, Germany, and specimens 
raised from the eggs by Siebold, 
proving the great vitality of the 
eggs of these Phyllopods, a fact 
paralleled by the similar vitality 
of the eggs of the king-crab. 
Fig. 249 4 represents the Nau- , 
plius of the European brine. ” 
shrimp. 

Order 4. — Tetradecapoda,— 
To this order belong the sow- 
bugs (Jeopoda) and tho beach- 
fleas (Amphipoda). In these gray tine 
Crustacea there is no cephalo~ rcond & val 
thorax, but the head ‘acer Sais, aa 
bearing two pairs of antennm, and a pair of jaws, and three 
pairs of maxille. The thorax is continuous with the abdo- 
men. Respirstion is performed by lamellate or Jeaf-like 
gills on the middle feet in the Amphipods, or on the hinder 

abdominal feet in 


Sem. the lsopods, The 
Sax lowest Isopods are 
parasitic, they 


ee Agents Lette from Great Salt Take. ¢ graduate into the 

Amphipods, and 
the higher Amphipods are connected with the shrimps (De- 
capoda) through a group (probably a suborder) of synthetic 
forms (Palaocaris, Acanthotelson and Gampsonyx, Fig. 
254) such ag are found in the coal formation of Illinois 
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and Enrope, which may be called Anthracarjda, and 
which haye antenns and tails like shrimps, but the body 


Uae: Sh— Gompronyee Aewirtolus of European cos] tocevwres, 94 tines nature) 


and limbs like Amphipods, In the Isopods the body is flat- 
tened and the head rather broad. 


TS 


Fig. 256 is a doraal view of Serolis Gau- 
dichaudi Audouin and Edwards, with the 
two pairs of antennw and pointed sides of 
each thoracic segment, dissected to show the 
nervous system, the two pairs of antennal 
nerves ; the optic nerves (gp) sent to the 
compound eyes. Fig. 257 represents a trans- 
verse ection of the body, showing the mode 
of insertion of the legs, and the equality in 
the tergal and sternal sides of the body, 
Fig. 259 represents a gill. In the common 
pill-bug (Porcellio) aérial respiration is per- 
formed by respiratory cavities situated in 
the abdomen. In Tylos similar cavities are 
filled with a multitude of branching ceca, 
serving for aénal respiration, thus antici- 
pating the tracheary system of insects, 
The nervous system is quite simpl. (Fig. 
255, Idotea, and Fig. 256, that of Serolis,) 
The digestive canal is straight, consisting 


Fiz. 55.—Nervoos of a short esophagus, a membranous stom- 
Pyesbene tS ach, and usvally a short tubular intestine ; 


the liver consisting of several short coca, 


In Serolis Gawdichaudi the stomach is somewhat pear- 
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shaped, widest behind, extending a little behind the middle 
of the body. The intestine is about one half as wide as tho 


£54.—Diesection of Serotis to show the nervous system.—Dissected and drawn 
whe Kingaley. 


There is no cocal enlargement, and no “urinary” tubes. 
The sexes are distinct. The young are hatched in the form 
of the adult, there being no metamorphosis. 

The development of the pill-bug, Oniscus murarius, is 
probably typical of that of most Tetradecapods and Deca- 


sploccnisn st fever of the igs Prepured sed Grama by B°8: Kinge 


pods (Bobretzky). The first change after fertilization is the 
origin of tho formative or primitive blastodermic cells at one 





308 ZOOLOGY, 


pole of the egg. This single cell subdivides, its products 
forming the “*blastodermic disk” or outer germ-layer, the 
segmentation of the yolk being partial. ‘The 
third (innermost) and middle germ-layers next 
arise (the samo processes go on in certain 
shrimps, viz,: Orengon and Palemon). The 
intestine is formed by an in~pushing of the 
outer germ-layer. The limbs now bud out, the 
result of the pushing out of the outer germ- 
layer (ectoderm). The nervous cord arises from 
the ectoderm; the large intestine originates in 
the yolk-sac, its epithelium first 
appearing in the liver-sac. The 
heart is the last to be formed, Ex- 
ternally the antenne in Oniseus 
and ulso Asellus ure the first to bud 
parts of out; the remaining appendages of 
isu, tm the head and thorax ariee contem- 
secondmatiia: porancously, and subsequently the rues rte 
pelju-prwn abdominal feet. The abdomen in mie oe 
ley. the Isopods is curved upwards and 
backwards, while in the embryo Amphipods it is bent be- 
neath the body. 2 

The development of the Amphipods or beach-flens is 
nearly identical with that of the Isopods. The eggs of cer- 
tain species undergo total segmentation, while those of other 
species of the same genus (Garnmarus) partially segment, as 
in the spiders, and in a less degree the insects. 

Standing next below Oymothoa, which is of the general 
Isopod shape, but which lives parasitically on the tongue 
and other parts of fishes, but which from their parisitic 
habits become slightly changed in form, the females espe- 
cially, sometimes becoming blind, is the family of which 
Bopyrus is wrepresentative. The females (Fig. 262) are par- 
asitic under the carypace of various shrimps. In B. pandal- 
icola Packard n. sp., the females are many times larger than 
the males; the ventral side of the body is partly aborted, 
having been absorbed by its pressure against the carapace 
of its host, which is swollen over it ; it retains its position by 





—Seetion of the embrro 


plilvug. 4, intestine: ¢, epithelium form~ 
tho two lobes of the liver; 9, Handreree section, Siitervows core 


‘body.—After Bobretzky, pega 
on 0 art tp, hypoder- 
pithellal (ing of the 

‘etween the heart and two lobow of the 

‘Delug Alied with the fine granular substance of the 

©, lateral and D, 


‘ventral, J, dorsal side of the female: , 
@, bead and flest thorscle segment ; ¢®, antenna—all en- 
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the sharp hook-like legs around the margin of the body. ‘The 
head has no eyes nor appendages. The male (Fig, 262, 0, D) 
is but slightly modified, is very minute, and is lodged partly 
out of sight under the ventral plates of the female, whose 
body is about five millimetres (a fifth of an inch) in length. 


Pig. 263. —Arcturne Bagtnl, with its young clinging to Ite antennm—After Wyville- 
‘Thompsea. 


Various species of Porcellio (sow-bugs) live under stones 
on land; and allied to Asedlus, the water sow-bug, is the 
marine Limnoria lignorwn White, which is very injarions 
to the piles of bridges, wharves, and any submerged wood. 
‘The highest Izopods are Jdofe@a, of which J. irroratus Say 
(Fig. 255) is our most abundant species, being common in 
ool-grase, otc., between and just below tide-marks ; and Arc- 
turus (Fig. 263, A. Baffini Sabine), from the Arctic seas. 





PHYLIOCARIDA, 


The ories of Amphipods begins with Cyamus ceti (Linn.), 
the whale-louse, passes into Caprella, with its linear body 
and spider-like legs, to Hyperia, which lives as a mess-mate 
of the jelly-fish, Cyanea, and culminates in the water-flea 
(Gammarus ornatus Edwards) and sand-fiea (Orchestia agilis 
Smith), abundant and leaping in all directions from under 
dried sea-weed at high-water mark. 

Fig. 264 represents Gammarus robustnes Smith, a frosh- 
water form common in the western territories. 


Pig. 4.—Oammarvs robustus Smoltd, Utxb, Eulergod—Atier Saulth. 


Order 5. Phyllocarida.—This name is proposed for a 

ip of Crustacea, the forerunner of the Decapoda and 
hitherto regarded as simply a family (Nebaliade),in which 
there is an interesting combination of Copepod, Phyllopod, 
and Decapod characters, with others quite peculiar to them- 
selves. The type is an instance of a generalized one, and is 
very ancient, having been ushered in during the earliest Si- 
lurian period, when there were (for Crustacea) gigantic forms 
(Dithyrocaris was over one foot in length) compared with 
those living at the present day. The order connects the 
Decapods with the Phyllopods and lower orders, The mod- 
ern Nedalia is small, about a centimetre (.40-,50 inch) in 
length, with the body compressed, four of the abdominal 
segments projecting beyond the carapace, the last abdominal 
segment bearing two large spines. There is a large rostrum 
overhanging the head ; stalked eyes, and two pairs of anten- 
nm, the second pair nearly as long as the body and many- 
jointed. The mandibles are succeeded by two pairs of max- 
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illw. Behind these mouth-parts are eight pairs of short, leaf- 
like respiratory feet, which do not project beyond the edge of 
the carapace. These are succeeded by four pairs of large, 
Jong swimming feet, and there aro two additional pairs of 
small abdominal feet. There is no metamorphosis, develop- 
ment being direct, the young hatching in the form of the 
adult, Of the fossil forms, Aymenocaris was regarded by 
Salter as the moro generalized type. The genera Pelfocaris 
and Discinocaris characterize the Lower Silurian period ; 
Ceratiocaris the upper ; Dictyocaris the Upper Silurian and 
Lowest Devonian strata ; Dithyrocaris and Argus the Car- 
boniferous period. Our northeastern and arctic epecies is 
Noebalia bipes (Fabricius), which occurs from Maine to Green- 
Tand. 

Order 6. Stomapoda, Yn the small group represented by 
Squilla the gills aro attached to the base of the hinder ab- 
dominal feet. Squilla lives in holes below low-water mark, 

Order t, Decapoda (Shrimps, Lobsters, Crabs),—A gen- 
eral knowedge of the Crustacea representing this, the high- 
est order of the class, may be obtained by a study of 
the craw-fish and lobster. All Decapods have twenty seg- 
ments in the body, a carapace covering the thorax con- 
cealing the gills, which are highly specialized and uttached 
to the maxillipedes and to the legs; usually a pair of stalked 
eyes, two unequal pairs of antenne, the hinder pair the 
larger und longer; « pair of mandibles, often provided with 
a palpus, two pairs of lobed maxille, three pairs of maxilli- 
pedes, while the name of the order is derived from the fact 
that there are five pairs of well-marked legs, or ten in all. 
To the abdomen are appended six pairs of swimming feet, 
called “‘swimmerets.” Another distinctive characteristic of 
most, in fact all the higher Decapods, is the short, or five 
or six-sided heart, 

‘The early phases of embryological development in the De~ 
capods aro much as in the Tetradecapods. Most Decapods 
leave the egg in @ larval state called the Zot, Certain 
Zot haying originally been supposed to have been adult 
Crustaceans, were described under the name Zoéa, In this 
condition there are no thoracic feet, and usually at first no 
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abdominal feet; the compound eyes are large and usually 
sessile, and the carapace is often armed with a long dorsal 
and frontal spine. Fig. 265 represents the Zota, or larva of 
the common shore crab (Cancer irrorafus Say). After sev- 


‘Fig. 265.—Zo%a of the common Crab, Cancer. Much enlarged.—Afver Seuith. 


eral moults, the thoracic legs appear, the mouth -parts 
change from swimming-legs to appendages fitted for pre- 
paring the food to be swallowed and digested. This stage 
in tho short-tailed Decapods or crabs, is called the Mega- 
lops stage (Fig. 266); cortain immature crabs having been 
mistaken for and described as mature Crustacea, ander the 
name Megalops. After swimming about the surface in tho 
Zota and Megalops conditions, the body becomes more bulky, 
more concentrated headwards, and the crab descends to the 
bottom and hides under stones, etc. 

The development of the individual crab is, in a general 
sense, an epitome of the development of the order. In the 
lowost Decapods, as in Cuma and Mysis, the form is some- 
what like an advanced Zota, while the remarkable concentra- 
tion of the parts headwards, seen in the crabs, is a great 
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step upwards, Dana's law of cephalization, or transfer of 
parts headwards, is more strikingly manifested in the Crus- 
tacea than in any other animals. 

Nearly all Decapods undergo this decided metamorphosis ; 
in only a few forms, such as the craw-fish, lobster, and a few 
shrimps and crabs, do the young leave the egg in the general 

form of the adult, the 
Zova stage being rap- 
idly assumed and dis- 
carded daring em- 
bryonic life. Most 
Crustacea bear their 
eggs about with 
them ; in only a few 
cases, as the Sguilla 
and the land-crab of 
the West Indies, are 
the eggs left by the 
parent in holes or on 
the sea-shore, 

‘The Decapoda are 
divided into the 
Schizopoda, repre- 
sented by Mysis ; 
the Cumacea, repre- 
sented by Cuma ; the 

} long-tailed Decapods, 
206.—Megalops of the Crab,—After 8 such as the shrimps 

“a mus “and lobster, called 
Mocrura, and the genuine short-tailed Decapoda, or Bra- 
chywra, Most of the species of the crabs are confined to 
tropical seas and live in shallow water. 

‘The Decapods appeared in the Coal Period, and were rep- 
resented by somewhat generalized forms, such as Anéhra- 
palamon (Pig. 267) from the coal measures of Illinois, 
Recently a genuine crab (Brachypyge carbonis) has been 
described by Woodward from the carboniferous formation 
of Belgium. 

‘Crustacea, eapecially shrimps and crabs, are sensitive to 





shocks and sounds. When alarmed, lobsters are said to 
cast off their large claws, but the latter are again re- 
newed. It is more probable, however, that the claws are 
torn off during their contests with each other. Hensen 
found that crabs and shrimps liv- 

ing in water do not notice sounds 

made in the air, The hairs about 

the mouth are the organs of tac- 

tile sense, and have been made by 

Hensen to vibrate to certain sounds, 

‘The eyes may be greatly devel- 

oped in shrimps living at great 

depths ; thus Thalascaris, a shrimp 

living near the bottom of the At- 

Jantic Oceun, is remarkable for the 

large size of its eyes. In the spe- 

cies of Alpheus, which live in holes 

in sponges, etc., the eyes are small. % 
‘The eyes of the blind Willemorsia, elise Navas aise Arie Meck 
dredged at great depths by the 

“Challenger” Expedition, are rudimentary, though in the 
young the eyes are better developed. This is the case with 
the young of the blind craw-fish Cambarnus pellucidus (Tell- 
kampf, Fig, 268) of Mammoth and other caves, The fact 
that the eyes in the young are larger than in the adult indi- 
cates that this specios has descended from other forms living 
in neighboring streams, and well endowed with the sense 
of sight. The eye (Fig. 269) of the blind craw-fish differs 
from that of the normal species in its smaller size, conical 
form, the absence of a cornea (indicated by the dotted lines 
in A), the pigment cells being white instead of black, and 
by differences in the form of the brain, that of the blind 


species being fuller on the sides, and wanting the conical 
projection in front. 


Subclass 2. Palwocarida.—This subclass is proposed for 
the king-crab (Limulus), the only survivor of a large num- 
ber of fossil Crustacea, which dominated the Silurian seas 
and became mostly oxtinct in the Carboniferous period, 
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It comprises the order of Merostomata represented at the 
present day by the king-crab, and the order 7rilobita, which 
is wholly extinct. The organization of the king-crab is so 


Gas 


SggThe MB —Cemiborne peterkdus, the Lind crwth of Mammoth Cave. Natural 


wholly unlike that of other Crustacea, when we consider 
the want of antennm, the fact that the nervous system is 
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in form and also ensheathed by arteries, and the 
nature of the gills of the abdominal feet, as well as 
the highly developed system of blood-vessels ; that we are 
obliged to place them in a subclass equivalent toall the other 


a 


etter ones ea 


Crustacea. It is aii that future research may prove that 
the Palaocarida should form a distinct class of Arthropods, 
equivalent on the one hand to the Crustacea and on the 
other to the Insecta, but from the fact that they breathe like 
other Crustacea by external gills, we prefer to retain thom 
ns 4 subdivision of the class of Crustacea. 

Order 1. Merostomata.—The only living representative of 
this order is the king-crab, belonging to the genus Limulus, 
represented in American waters by Limulus Polyphemus 
Linn., which ranges from Casoo Bay, Maine, to Florida 
and the West Indies, 

The body of the king-crab is very lange, somotimes nearly 
two feet in length ; it consists of a cephalo-thorax composed 
of six segments and an abdomen with nine segments, the 
ninth (telson) forming a long spine. ‘The cephalo-thorax is 
broader than long, in shape somewhat like that of Apus, 
with a broad flat triangular fold on the under side. Above 
are two large lunate compound eyes, near the middle of the 
head, but quite remote from each other, and two small com- 
og eyes situated close together near the front edge of the 

‘There are no antennm, and the six pairs of append- 
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ages are of uniform shape like legs, not like mandibles or 
maxilla, and are adapted for walking; the feet are pro- 
vided with sharp tecth on the basal joint for retaining the 
food. The mouth is situated between the second pair; the 
first pair of legs are smaller than the others. All end in 
two simple claws, except the sixth pair, which are armed 
with several spatulate appendages serving to prop the crea- 
ture as it burrows into the mud. Tho males differ from the 
females in the hand and opposing thumb of the second pair 
of feet. These cephalo-thoracic appendages are quite as dif- 
ferent from those of other Crustacea as those of the mites 
and spiders, which have a pair of mandibles and maxille, 
the latter provided with a palpns, Appended to the ab- 
domen are six pairs of broad swimming feet, of which the 
second pair bear on the under side a set of ubout one hundred 
respiratory leaves or plates, into which the blood is sent 
from the heart, pasting around the outer edge and return- 
ing around the inner edge. ‘This mode of respiration is like 
that of the Isopods, 

The alimentary canal consists of an csophagus, which 
rises directly over the mouth, a stomach lined with rows of 
large chitinous teeth, with a large conical, stopper-like yalye 
projecting into the posterior end of the body ; the intestine 
is straight, ending in the base of the abdominal spine. The 
liver is very voluminous, ramifying throughout the cephalo- 
thorax, ‘The nervous system is quite unlike that of other 
Crustacea ; the brain is situated on the floor of the body in 
the same plane as the rest of the system, and sends a pair of 
nerves to the compound eyes, a single nerve supplying the 
ocelli.* The feet are all supplied with nerves from a thick 
ring surrounding the wsophagus. The nerves to the six 
pairs of abdominal legs are sent off from the yentral cord. 


* The nervous system of Limulus inquite unlike that of the Scorpion, 
whero the brain is sitaated in the upper part of the head and supplies 
the maxillm with nerves, and te eitunted directly over the infraaso- 
phageal ganglion; and, besides, there {a no msophageal ring as in 
Limulus, only the two commissures connecting the brain with tho 
Infrncesopbageal ganglion as usual in the Neocarida and Arachnida in 
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The heart is tubular, with eight pairs of valvular openings 
for the return of the venous blood which flows into the 
pericardial sac from all parts of the body ; the arterial blood 


Fig. 210.—Nervons and part of the cirulstory system of Limaiws 
b. a, veut ; «,«esophages ; b, bral: 0, nerve to the emaller eyes 


to the larger eyes : 4. neeve-ring around the esophagus, All tbe 
(04 by an srverlal coai.-Aftor Mine Rawards. 


is sent out from the arteries branching from the front end 
of the heart flowing around the upper side of the edge of the 
cephalo-thorax through numerous minute vessels, Also there 
area pair of branchial arterice, and two arteries in the base of 
the spine, 
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‘The arrangement of the ventral system of arteries is very 
peeuliar and quite characteristic of this animal. The omo- 
phageal nervous ring, and in fact the entire nervous cord, is 
ensheatbed in « vascular coat, so that the nervous system 
and ite branches are bathed by arterial blood. The veins 
are better developed than araal ; there being in the cephalo- 
thorax two large collective veins along each side of the in- 
testine. 

Closely connected with the two large collective veins are 
two large yellowish glandalar bodies each with four branches 
extending up into the dorsal side of the cephalo-thorax. 
‘They are probably renal in their nature. 

Both the ovaries and testes are voluminous glands, each 
opening by two papille on the under side of the first ab- 
dominal feet, At the time of spawning the ovary is greatly 
distended, the branches filled with green eggs. 

Unlike most Crastacea, the female king-crab buries her 
eggs in the eund between tide-marks, and there leaves them 
at the mercy of the waves, until the young hatch. The eggs 
are laid in the Northern States between the end of May and 


Menies King-erab, calerped | me, orden sspeeses 38 aE 
Aho rate, mero advanced, 


early in July, and the young are from a month to six weeks 
in hatching. 

After fortilization the yolk undergoes total segmentation, 
much asin spiders and the craw-fish. When the primitive 
dink is formed the outer layer of blastodermic cells peels off 
soon after the limbs begin to appear, and this constitutes 
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the serous membrane (Fig. 271, am), which is like that of 
insects. 

Then the limbs bud out; the six pairs of cephalic limbs 
appear at once as in Fig. 271. Soon after the two basal 
pairs of abdominal leaf-like fect arise, the abdomen be- 
comes separated from the front region of the body, and 
the segments are indicated as in Fig. 272. A later stage 
(Pig. 273) is signalized by tho more highly developed dorsal 
portion of the embryo, an increase in size of the abdomen, 
and the appearance of nine distinct abdominal segments. The 
segments of the cephalo-thorax ure now very clearly defined, 
as also the division between the cophalo-thorax and abdomen, 
the latter being now nearly as broad as the cephalo-thorax, 
the sides of which ave not spread out as in a later stage. 


actly H3.—Klng-ernd shortiy bofore hatching ; Irilobitte stage, enlarged ; wide and 


At this stage the egg-shell has split asunder and dropped 
off, while the serous membrane, acting 8 a vicarious egg- 
shell, has increased in size to an unusual extent, several 
times exceeding its original dimensions and filled with sea- 
water, in which the embryo revolves. 

Ata little later period the embryo throws off an embry- 
onal skin (amnion), the thin pellicle floating about in the 
egg. Still later in the life of the embryo the claws are do- 
veloped, an additional rudimentary gill appears, and the 
abdomen grows broader and larger, with the segments more 
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distinct ; the heart also appears, being a pale streak along 
the middle of the back extending from the front edge of 
the head to the base of the abdomen. 

Just before hatching the head-region spreads out, the ab- 
domen being a little more than half as wide as the cephalo- 
thorax. The two compound eycs and the pair of ocelli on 
the front edge of the head are quite distinct ; the append- 
ages to the gills appear on the two anterior pairs, and the 
legs are longer. 

The resemblance to a ‘l'rilobite is most remarkable, as 
seen in Fig. 273. It now also closely resembles the fossil 
king-crabs of the Carboniferous formation (Fig. 274, Prest- 
wichia rotundatus, Vig. 275, Euprodps Dane). 


Fi 
Q 


Se > anne 


Fig. £71.—Prostwiehio, natural size.— Pig. 275. lee — 
After Worthen. 


Bu natural 
After Worthen, 

In about six weeks from the time the eggs are laid the 
embryo hatches. It now differs chiefly from the previous 
stage in the abdomen being much larger, scarocly less in 
size than the cephalo-thorax ; in the obliteration of the seg- 
ments, except where they are faintly indicated on tho car- 
dine region of the abdomen, while the gills are much larger 
than before. The abdominal spine is very rudimentary ; it 
forms the ninth abdominal segment. 

‘Tho reader may now compare with our figures of the re- 
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cently hatched Limulus (Fig. 276), that of Barrande’s larva 
of Trinucieus ornatus (Fig. 277, natural size and enlarged). 
He will see at a glance that the young Trilobite, born with- 
out any true thoracic segments, and with the head articu- 
lated with the abdomen, closely resembles the young Limu- 
Jus. In Limulas no new segments are added after birth ; 
in the Trilobites the numerous thoracic segments are add- 
ed during successive moults. The Trilobites thus pass 
through « well-marked metamorphosis, though by no means 
#0 remarkable us that of the Decapods and the Phyllopods, 


Fig. £76, —Larva of the King-crab, 


The young king-crabs swim briskly up and down, skim- 
ming about on their backs like Phyllopods, by flapping their 
gills, not bending their bodies. In asucceeding moult, which 
occurs between three and four weeks after hatching, the 
abdomen becomes smaller in proportion to the head, and the 
abdominal spine is about three times as long as broad. At 
this and also in the second, or succeeding moult, which oo- 
curs about four weeks after the first moult, the young king- 
crab doubles in size. It is probable that specimens an inch 
long are about a year old, and it must require several yours 
for them to attain a length of one foot. 

The Limuli of the Solenhofen slates (Jurassic) scarcely 
differed in appearance from those of their living descend- 
ants, 

Limulus, Prestwichta, Bellinurus, and Kuprodps form 
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the representatives of the suborder Xiphosura, The second 
suborder Zurypterida is represented by extinct genera Plery- 
gotus, Kurypterus and allies which appeared in the upper 
Silurian Period and became extinct in the Coal Period. In 
these forms the cephalothorax is small, flattened and nearly 
square, while the abdomen is long, with twelve or thirteen 
segments, the last one forming a spoon-shaped or acute 
spine. The appendages of the cephalothorax were adapted 
for walking, one pair sometimes large and chelate; the 
hinder pair paddle-like. Tho gills were arranged like the 
teeth ina rake, the flat faces being fore and aft. While the 
king-crab burrows in the mud and lives on sea-worma, the 
Burypterida probably swam near the surface, and were more 
predatory than the king-crabs. The Merostomafa are a gon- 
eralized type, with some resemblances to the Arachnida as 
well as to the genuine Crustacea, representing the larval or 
Zo€a form of the Decapods. 

Order 2. Trilobita.—The members of this group are all 
extinct, The body has a thick dense integument like that 
of Limulus, and is often variously ornamented with tuber- 
cles and spines. The body is divided into three longi- 
tudinal lobes, the central situated over the region of the 
heart as in Limulus. Tho body is more specialized than in 
the Merostomata, being divided into a trae head consisting 
of six segments bearing jointed appendages, somewhat like 
those of the Merostomata, with from two to twenty-six dis- 
tinct thoracic segments (probably bearing short jointed limbs 
not extending beyond the edgo of the body, which supporl- 
ed swimming and respiratory lobes). ‘The abdomen consisted 
of several (greatest number twenty-eight) coalesced sogments, 
forming a solid portion (pygidium), sometimes ending in a 
spine, and probably bearing membranous swimming feet, 
‘The larval trilobite was like that of a king-crab, and after 
number of moults acquired its thoracic segments, there being 
a well-marked metamorphosis. The Trilobites (Paradoxides, 
Agnostus, etc.) appeared in the lowest Silurian strata, cul- 
minated in the upper Silurian, and died out at the close of 
the Coal Period, 
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Crass. I. CRUSTACEA. 


Arthropoda breathing by gills situated on the legs, or reapiring through 
the body-aralle. Body in the higher forms divided into two regions, 
cophalo-thorax and abdomen. Tico pairs of antenna ; mandibles weu~ 
ally witha palpus. Heart nearly square, or in the lower forms tubular, 
Often a distinct metamorphosis. Sexes distinet, except in a@ few casa 
(certain barnaeles, ete). 


Subclass 1. Neocarida,—Genuine Crustacea, with two pairs of anten- 
nut; biting mouth parts; mostly modern types, 


Order 1. Cirripedia—Sessile often retrograded ; antennae not devel- 
oped, living parusitically, the appendages of the head some- 
times forming net-like organs Young hatched in the nan- 
plius state. Suborder 1.—Rhisveephala (Saccalina, Pelto- 
gaster). Suborder 2,—Genuino Cirripedia (Balanus, Lepas.) 


Order 2, Entomostraca.—A cophalo-thorax developed ; mandibles and 
threo pairs of maxillm ; five pairs of tharacie feet, Ho ab- 


dominal fect ; without any gills, The parasitic forms more 
or less modified in shape, with sucking mouth-parts; all 
the young of the nauplius form, Suborder I. Copepoda 
(Cyclops). Suborder 2, Séphonostoma (Lormea, Caligus, and 
Argalus). 


Order 8. Branckiopoda, Thoracic feet leaf-like ; one to three pairs of 
maxille ; number of body-segmests varying from n few to 
sixty ; ceplialo.thornx often well developed, and forming = 
bivalved shell. Young usually n Nauplivs. Suborder 1. 
Ostreoea (Cypris), Suborder 2, Cladocera (Daphnia). Sub- 
order 3. Phylopoda (Limnndia, Apas, Branchipus, and Ar- 
tomla.) 


Order 4, Phyllocarida.—Body compressed ; rostram distinct from the 
carapace ; thoracic feet loaf-like ; no metamorphosle, (Ne- 
balin,) 


Order &,—Tetradecapoda.—No cophalo-thorax, thoracic segments dis. 
tinct; respiration often carried on by the abdominal feet. 
Suborder 1. Japoda (Idotws, Asellas). Suborder 2, Am. 
phipoda (Gammarus), 

Order 6, Stomapoda—Atdominal feet respiratory. (Squilla,) 

Order 7. Decapodi: —Cophalo-thorax well marked, abdomen often bent 
Doneath the cephalo-thorax ; breathing by gills attached to 
the maxillipedes and legs. Heart often nearly square, 
Usually a wellamarked metamorpbosis; young called a 
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Zola, Suborder 1. Cumacea (Cama). Suborder 2, Sehiz- 
opoda(Myais), Suborder 3, Macrura (Crangon, Astacus, Ho- 
mars), Suborder 4. Brachywra (Cancer). 


Subclase®, Palwocarida—Appendoges of the cephalo-thorax in the form 
of legs, rather than jaws; no antennm; brain supplying 
nerves to the eyes alone; nerves to the cephalothoracic ap- 
pendages sent off from an asophageal ring ; bervous system 
ensheathed bya ventral system of arteries ; metamorphosis 
slight, Sexes distinct. 


Order 1, Merostomata.—No distinct thoracic segmenta and appendages. 
(Limulus, Eurypterus. ) 

Order 2. Trilodita,—Numerous free thoracic segments and jointed ap- 
pendages. (Agnostus, Paradoxides, Calymeno, Trinucleus, 
Asaphus ; all axtinct,) 


CLASSIFICATION OF THE SUBCLASSES AND ORDENS OF CRUSTACKA, 





Neocanps. PALMOCARIDA, 


CnusTacka. 


Laboratory Work.—In dissecting the lobster, the shell or erust may 
he removed by a stout knife ; the whole dorsal portion of the cephalo- 
thorax and each segment behind, including the base of the telson, 
aboald be removed, care being taken not to injure the brain, whieh lies 
jest under the base of the rostram. The hypodermis, or reddish, mem- 
branons, inner layer of the integument, should then be dissected away, 
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exposing the heart, the stomach, the liver, and the large muscles of 
the abdomen. The arterial system can be injected with carmine 
through the heart, and the finer arteries traced Into the large claws 
and lege In the crab, the entire upper side of the carupace may be 
removed by the point of a knife. The smaller Crustacea, expecially 
the wator-flens, may bo examined alive under the microscope aa trans 
parent objects. In the larger forms the stomach may be Inid open by 
‘the scissors in order to stady its complicated structure. The eyes of 
‘the lobster should be hardened fn aleohol and fine sections made for 
the microscope. This is an operation requiring much care and expe- 
rience, Experts in ombryology have sliced the eggs of certain Crasta- 
con and studied their embryology with great success 


Crass IL—Insxcra (Centipedes, Mites, Spiders, Winged 
Insects). 


General Characters of Insects.—While in the worms 
there is no grouping of the segments into regions, we have 


seen that in most Crustacea there aro two assemblages of 
segments—i. ¢., a head-thorax and abdomen. In the insects 
there is aatep higher in the seale of life, a head is separated 
from the rest of the body, which is divided into three 
regions, the head, thorax, and hind-body (abdomen). More- 
over, the insects differ from the Crustacea in breathing by 
internal air-tubes which open through breathing-holes 
(spiracles) in the sides of the body. The six-footed insects 
also have wings, and their presence is correlated with a 
differentiation or subdivision of the two hinder segments 
of the thorax into numerous pieces. 

The number of body-segments in winged insects is seven- 
teen or eighteen—i. ¢., four in the head, three in the thorax, 
and ten or cleven in the hind-body. In spiders and mites 
there are usually but two segments in the head, four in the 
thorax, and a varying number (not more than twelve) in 
the abdomen ; in Myriopods the number of segments varies 
greatly—i. ¢., from ten to two hundred. The appendages 
of the body are jointed, and perform four different func- 
tions—i. ¢., tho antenna are sensorial organs, the jaws and 
maxille are for seizing and chewing or sucking food ; the 
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thoracic appendages are for walking, and the spinnerets 
of the spider, as well as the sting or ovipositor of many 
insects, are subservient in part to the continuance of the 


Bpecies. 

Of the winged insects there are two types : first, those in 
which the jaws and maxille ure free, adapted for biting, as 
in the locust or grasshopper, and, second, those in which 
the jaws and maxillm are more or Jess modified to suck or 
lap up liquid food, as in the butterfly, bee, and bug. 

Nearly all insects undergo s metamorphosis, the young 
being called a Jerva (caterpillar, grub, maggot); the larva 
transforms into a pupa (chrysalis), and the pupa into the 
adult (imago). 

In order to obtain a knowledge of the stracture, external 
and internal, of insects, the student should make a careful 
study of the anatomy of a locust or grasshopper with the aid 
of the following description ; and afterward rear from the 
ogg a caterpillar and watch the different steps in its metamor- 
phosis into a papa and adult. The knowledge thus acquired 
will be worth more to the student than a volume of descrip- 
tions. 

On making a superficial examination of the locust (Calop- 
tenus femur-rubrum, or C. spretus), its body will be seen to 
consist of an external crust, or thick, hard integument, pro- 
tecting the soft parts or viscera within. This integument 
is at intervals segmented or jointed, the segments more or 
Tess like rings, which, in turn, are subdivided into pieces. 
These segments are most simple and easily comprehended: 
in the abdomen or hind-body, which is composed of ten of 
them. The body consists of seventeen of these segments, 
varionsly modified and more or less imperfect and dificult 
to muke out, especially at each extremity of the body— 
i.¢., in the head and at the end of the abdomen. These 
soventeen segments, moreover, are gronped into three re- 
gions, four composing the head, three the thorax, and ten 
the hind-body, or abdomen. On examining the abdomen, 
it will be found that the rings are quite perfect, and that 
each segment may be divided into an upper (tergal), a lateral 
(plural), and an under (sternal) portion, or are (Fig, 278, A), 
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‘These parts are respectively called feryite, plourile, and 
sternite, while the upper region of the body is called the 


$70—Brteeual snatomy of Caluptnue apretes, the head and thorax Gixjotnied, 
wp topeiaghamnt "f fureuia* e, cerense—Drawn by 3:8. Kingsley. een 


tergum, the lateral the plewrum, and the ventral or under 


portion the sleraun, 
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As these parts are less complicated in the abdomen, we 
will first study this region of the body, and then examine the 
more complex thorax and head. ‘The abdomen is a little 
oyer half as long as the body, the tergum extending far 
down on the side and merging into the plearam without 
any suture or seam. The pleurum is indicated by the row 
of spiracles, which will be noticed furtheron. The sternum 
forms the ventral side of the abdomen, and meets the pleu- 
Tum on the side of the body, 

Tn the female (Fig. 278, B), the abdomen tapers some- 
what toward the end of the body, to which are appended 
the two pairs of stout, hooked spines, forming the oviposi- 
tor (Fig. 278, B, r, r’). The anus is situated above the upper 
and larger pair, and the external opening of the oviduct, 
which is situated between the smaller and lower pair of 
spines, and is bounded on the ventral side by a movable tri- 


The thorax, as seen in Fig. 278, consists of three sog- 
ments, called the prothorax, mesothorax, and metathorax, or 
fore, middle, and hind thoracic rings, They each bear a 
pair of logs, and the two hinder each a pair of wings. The 
upper portion (tergum) of the middle and hind segmonts, 
owing to the presence of wings and the necessity of freedom 
of movement to the muscles of flight, are divided or differ- 
entiated into two pieces, the scufum and scutelinm™ (Fig. 
278), the former the larger, extending across the buck, and 
the scutellum a smaller, central, shield-like piece. The 
protergum, or what is usually in the books called the pro- 
thorax, represents cither the scutum or both scntum and 
scutellum, the two not being differentiated. 

The fore wings are long and narrow, and thicker than 
the hinder, which are broad, thin, and membranous, and 
most active in fight, being folded up like a fan when at 
rest and tucked away out of sight under the fore wings, 
which act as wing-covers. 

* There are in many fnsects, as In many Lepidoptera and Hymenop- 
tera anil some Newroptera, four tergal pieces—i. ¢., prescutum, scatum, 
scutellum, und postsoutellum, the first and fourth pleces being usally 
very mnall and often obsolete. 
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Pig. %—Male Caloptenus aprefus. —Dinsected and drawn by J. 8, Kingwey. 
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Tarning now to the side of the body under the insertion 
of the wing (Pig. 279), we see that the side of each of the 
middle and hind thoracic rings is composed of two pieces, 
the anterior, episternum, rexting on the sternum, with the 
spimerum behind it; these pieces are vertically high and 
narrow, and to them the leg is inserted by three pieces, 
called respectively coza, trochantine, and trochanter (see Fig. 
27%), the latter forming a true joint of the leg. 

The lege consist of five well-marked joints, the femur 
(thigh), bia (shank), and faraus (foot), the latter consiat- 
ing in the locust of threo joints, the third bearing two large 
claws with a pad between them. The hind legs, especially 
the femur and tibia, are very large, adapted for hopping. 

‘The wternum ix broad and large in the middle and hind 
thorax, but «mall and obscurely limited in the prothorax, 
with a large conical projection between the legs. 

‘The head is mainly in the adult locust composed of a sin-. 
gle piece called the epicranium (Figs. 279 and 280, £), which 
carries the compound eyes, ocelli, or simple eyes (Fig. 280, 

¢), and antenn®, While there are in real- 
ity four primary segments in the head of 
all winged insects, corresponding to the 
fonr pairs of appendages in the head, the 
posterior three segments, after early em= 
bryonic life in the locust, become obsolete, 
and are mainly represented by their 
pendages and by small portions to which the 
appendages are attached, ‘The epicranium 
representa the antennal segment, and 
moutly corresponds to the tergum of the seg- 
mont. ‘The antenn, or feelers, are in- 
verted in front of the eyes, and between 
them is tho anterior ocellus, or simple eye, 
Wy “the lair » while tho two posterior ocelli are situated 
aman above the insertion of the antenna, Tn 
front of the epicraninm is the clypens (Fig. 


980),  plooe nearly twice as broad as long. To the clypens 
Ws attached a loos flap, which covers the jaws when they 
ary at rest, ‘Thix is tho upper lip or labrum (Fig. 280). 
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‘There are three pairs of mouth-appendages : first, the trae 
jaws or mandibles (Fig. 278), which are single-jointed, and 
are broad, short, solid, with a toothed cutting and grinding 
edge, adapted for biting. The mandibles are situated on 
each side of the month-opening. Behind the mandibles 
are the maxillw (Fig. 278), which are divided into three 
lobes, the inner armed with teeth or spines, the middle lobe 
Unarmed and spatula-shaped, while the outer forms a five- 
jointed feeler called the mavillary palpus. The maxillw aro 
accessory jaws, and probably serve to hold and arrango the 
food to be ground by the true jaws. The floor of the mouth 
is formed by the labiwm (Figs. 278 and 279), which in real- 
ity is composed of the two second maxille, soldered togothor 
in the middle, the two halves being drawn separately in Fig. 
278. 

Within the mouth, and situated upon the labium, is tho 
tongue (lingua), which is a large, membranous, purtly hol- 
low expansion of the base of the labrum; it is somewhat 
pyriform, slightly keeled above, and covered with fine, stiff 
hairs, which, when magnified, are seen to be long, rough, 
chitinons spines, with one or two slight points or tubercles 
on the side, ‘These stiff! hairs probably serve to retain the 
food in the mouth, and are, apparently, of the same struc- 
tare as the teeth in the crop. ‘The base of the tongue is 
narrow, and extends back to near the pharynx (or entrance 
to the gullet), there being on the floor of the mouth, behind 
the tongue, two oblique slight ridges, covered with stiff, 
golden hairs, like those on the tongue. 

The internal anatomy may be studied by removing the 
dorsal wall of the body and also by hardening the insect 
several days in alcohol and cutting it in two longitudinally 
by a sharp scalpel. 

The esophagus (Fig. 281, @) ix short and ourved, contin- 
uous with the roof of the mouth. ‘There are several longi- 
tudinal irregular folds on the inner surface, It terminates 
in the centre of the bead, directly under the supra-msopha- 
geal ganglion, the end being indicated by several email coni- 
cal valves closing the passage, thus proventing the regurgita- 
tion of the food. The two salivary glands consist each of a 
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Iineh of follicles, emptying by a common duct into the floor 
of the mouth, : 

‘The omophagus is encceedod by tho crop (inglueies). Tt 

dilatos rapidly in the head, and again enlarges before pasa- 
lng out of tho head, and at the point of first expansion or 
thlargement thore begins a circular or oblique series of folds, 
ariied with aeinglo or two alternating rows of simple spine- 
liko tooth, Jet aftor the crop loaves the head, the ragw or 
folie become longitudinal, the toeth arranged in rows, each 
tow formed of groups of from three to six teeth, which 
oe Iwokward so a8 to posh tho food into the stomach. 
it Wowhotio specimens the folds of the crop and asophagus: 
are deop blood-red, whilo the muscular portion ix fleah-col- 
ened tt is fn the erop that the ‘* molasses ’* thrown out by” 
the looust originates, 

‘The proveeiricetes is very small in tho locust, easily over- 
looked in dimection, while in the green grasshoppers it ix 
large and armed with sharp teeth. A transverse seetion of 
the crop of the cricket shows that there are six large inmg- 
Wlar teeth armed with spines and hairs (Fig. 283). It 
forms @ nook oF constriction between the crop and true 
wormed, Te may be stadied by laying the alimentary camsll 
open with a pair of fine scissors, and ic then eum te be 
farvel with six Bat fds, suddenly terminating posterosly,. 
whore the tree stomach chyh-stwomach, watrcedss) hegtan, 
‘The chytestomach is short ome half ax thick as the crag, 
when Ube latter is distended with food, and is of measly the 
same diameter thinaghert, bing mack paler tham the mad 
Bik crop, ard of a Beabk<olor. 

Proven Ube antemer omg arise 4X Lange pexior comm, Wibachs 
were Datatome of Che trae ohvhessemaoh, and proabty saree 
Wo Prom a laqger sartace from whook She cligle may came 
Ate Che Meeeavity end mat woth the Mand chee hang ee 
drects Bo Tnctes] wwe ot Lemar exo 

Whe stoma mds st She petemor oder af the Sourdh he 
Samir) egrerst fn a slight conmmomen, xt Shick yest 

Re end) Whe wrinegy tubes (weer wrecna, Fig. SE 

saree. Thewe ere arming’ fp em congpe ad shoot Bese, 

Peden se Det Here ace show apr handed and Gy emg, 
Bre tades in. al. 
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The éndestine (ileum) lies in the fifth and sixth abdominal 

ents. 

Behind the intestine is the colon, which is smaller than 
the intestine propor, and makes a partial twist. ‘The colon 
suddenly expands into the rectum, with six large rectal 
glands on the inside, held in place by six muscular bands 
attached anteriorly to the hinder end of the colon. The 
rectum turns up toward its end, and the vent is situated 
just below the supra-anal plate. 

Having described the digestive canal of the locust, we 
may state in a summary way the functions of the different 

divisions of the tract, The 

food after being cut up by the 

jaws is acted upon while in 

the crop by the salivary fluid, 

which is alkaline, and pos- 

seases the property, as in ver= 

tebrates, of rapidly transform- 

ing the starchy elements of 

the food into soluble and as 

similable glacose. The diges- 

tive action carried on in the 

crop (ingluvies) then, in a veg- 

etable-feeding insect like the 

Fig 262—Transverse rection of the locust, results in the conver- 
etek int ton fy vragebeiwees sion of the starchy matters 
fa large teeth Alor into glucose or sugar. This 
process goes on very slowly. When digestion in the crop 
has ended, the matters submitted to an energetic pressure 
by the walls of the crop, which make peristaltic contrac- 
tions, filter gradually through the short, emall proventricu- 
Jus, directed by the farrows and chitinons projections lining 
it, The apparatus of teeth docs not triturate the food, 
which has been sufficiently comminuted by the jaws. This 
is proved by the fact, says Platenu, that the parcels of food 
amo of the same form and size as those in the crop, before 
throngh the proventriculus, The six large lateral 

(coxa) emptying into the commencement of the 
(vontriculus) are trae glands, which secrete an al- 





DIGESTION IN INSECTS. 


kaline fluid, probably aiding in digestion. In the stomach 
(ventriculus) the portion of the food which has resisted the 
action of the crop is submitted to the action of a neutral or 
alkaline liquid, never acid, secreted by special local glands 
or by the lining epithelium. In the ileum and colon ac- 
tive absorption of the liquid portion of the food takes place, 
and the intestine proper (ileam and colon) is thus the seat , 
of the secondary digestive phenomena, ‘The reaction of the 
seerction is neutral or alkaline, The rectum is the ster- 
coral reservoir, It may be empty or full of liquids, but 
never contains any gus. The liquid products secreted by 
the urinary tubes are hero accumulated, and in certain cir- 
cumstances here deposit the calculi or crystals of oxalic, 
uric, or phosphatic acid. Insects, suys Plateau, have no 
special vessel to carry off the chyle, such as the lacteals or 
lymphatics of vertebrates ; the products of digestion—viz., 
salts in solution, peptones, sugar in solution, and emulsion- 
ized greasy matters—pass through the fine coatings of the 
digestive canal by osmosis, and mingle outside of this canal 
with the currents of blood which pass along the ventral and 
lateral parts of the body. 

Into the pyloric end of the stomach empty the urinary 
tubes, their secretions passing into the intestine, ‘These are 
organs exclusively depuratory and urinary, relieving the 
body of the waste products. The liquid which they secrete 
cofitains urea (?), uric acid, and urates in abundance, hip- 
puric acid (?), chloride of sodium, phosphates, carbonate of 
lime, oxalate of lime in quantity, leucine, and coloring mat- 
ters. 

The nervous system of the locust, as of other insects, con- 
sista of a scrics of nerve-centres, or so-called brains (ganglia), 
which are connected by two corda (commissures), the two 
cords in certain parts of the body in some insects united into 
one, There are in tho locnst ton ganglia, two in the head, 
three in the thorax, and five in the abdomen. The first 
ganglion is rather larger than the others, and is called the 
“brain,’’ The brain rests upon the asophagus, whenco its 
name, supra-cesophageal ganglion. From the brain arise the 
large, short, optic nerves (Fig. 281, not lettered, but repre- 
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sented by tho circle behind the brain, ap; Fig. 283, op), 
which go to the compound eyes, and from the front arise 


{the doting ine 
is 


: 
: 
i 


, 353. Nervons erator of Choptenut 
q * Tcocllar nerve to each ocsllue 
ion 5 ; 


4 the three slender filamonts which aro sent to the three ovelli 
(Fig. 281, 00). From immediately in front, low down, arizo 
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tho antennal nerves (Fig. 281, af). The simple brain of the 
locust may be compared with the more complicated brain of 
an ant, a8 seen in Fig. 284. 

The infra-osophageal ganglion (Fig, 283, if), as its name 
implies, lies under the msophagus at the base of the head, un- 


twofold body of the commissure conn 
ganglion. —Attor Leydig, from Gral aber. 


derabridgeof chitine, and directly behind the tongue. It is 
connected with the supra-csophageal ganglion by two com- 
missures passing up cach side of the asophagus, From the 
under side of the infra-csophageal ganglion arise three 
pairs of nerves, which are distributed to the mandibles, 
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posterior edge of the mesothorux. There are eight abdominal 
spiracles, the first one situated just in front of the anditory 
sac or tympanum (see Fig. 279), and the remaining seven aro 
small openings along the side of the abdomen, as indicated 
in Fig. 286, From these spiracles air-tubes pass in a short 
distance and connect on each side of the body with the spi- 
racular trachea (Fig. 286, 8, Fig. 287, 8) a8 we may call it. 
The sir-tubes consist of two coats, with several short spiral 
threads wound aroand the tube (Fig. 288). Those spiracu- 
lar trachem begin at the posterior spiracle, and extend for- 
ward into the mesothorax, there subdividing into several 
branches. Branches from thom pass to the two main ven- 
tral trachee (Fig. 286, v), and to the two main dorsal tra- 
chew (Fig. 286, D, Fig. 287, D). The main tracheal ays- 
tem in the sbdomen, then, consists of six tubes, three on o 
side, extending along the abdomen. ‘The pair of ventral 
trachew extend along the under side of the digestive canal ; 
the dorsal trachere rest on the digestive canal. These six 
tubes are connected by anastomosing trachew, and, with 
their numerous subdivisions and minute twigs and the sya- 
tem of dilated traches or air-sacs, an intricate network of 
trachea is formed. 

The system of thoracic sir-tubes is quite independent of 
the abdominal system, and not so easy to make out. The 
tubes arising from the two thoracic stigmata are not very 
well marked ; they, however, send two well-marked trachew 
into the head (Fig. 286, ¢, Fig. 287, ¢), which subdivide into 
the ocular dilated air-tube (Fig. 286, oc, Fig. 287, oc) and a 
number of sir-sacs in the front of the head. 

The series of large abdominal air-sacs, of which there 
are five pairs (Fig. 287, 3-7), arise independently of the main 
trachow directly from branches originating from the spira- 
oles, as seen in Fig. 286. They are large and easily found 
by raising the integument of the back. There is a large 
pair in the mesothorax (Fig. 287, 2) and two enormous sacs 
in the prothorsx (Fig. 287, 1), sometimes extending aa far 
back as the anterior edge of the mesothorax. All these sacs 
are superficial, lying noxt to the Aypoderntis or inner layer 
of the integument, while the smaller ones are, in many cases, 
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buried among the muscles. Besides the ordinary air-sacs, 
there is in the end of the abdomen, behind the ovaries, a 
plexus of six dilated air-sacs (Fig. 287, I, H, U1), which 
are long, spindle-shaped, and are easily detected in dis- 
secting. 

There is a system of dilated trachew and about fifty air- 
sacs in the head. 

In the legs two trachew pass down each side of tho femora, 
sending off at quite regular intervals numerous much-branch- 
ing, transverse twigs; there is one large and a yery small 
trachea in the tibia, and the main one extends to the ex- 
tremity of the last tarsal joint. 

By holding the red-legged locust in the hand, one may 
observo the mode of breathing. During this act the por- 
tion of the side of the body between the spiracle and the 
pleurum (Fig. 278, A) contracta and expands ; the contrac- 
tion of this region causes the spiracles to open. ‘The gen- 
eral movement is caused by the sternal moving much more 
decidedly than the tergal portion of the abdomen. When 
the pleural portion of the abdomen is forced out, the soft 
pleural membranous region under the fore and hind wings 
contracts, a3 does the tympanum and the membranous por- 
tions at the base of the hind legs. When the tergum or 
dorsal portion of the abdomen falls and the pleurum con- 
tracts, the spiracles open ; their opening is nearly but not 
always exactly co-ordinated with the contractions of the 
pleurum, but as a rule they are. ‘There were sixty-five con- 
tractions in a minute in a locust which had been held be- 
tween the fingers about ten minutes. It was noticed that 
when the abdomen expanded, the air-sacs in the first ab- 


, S68-—Showing dletrbation of alt-tobex chet} uni alraucs aide view 
ly. ®, musin ventral trachea {ouiy on ‘one of the two shown); ¢ left etigmatal 
tec onc, ty veel ter ths D, tho heft main dorsal trachea, ¢, tof 
trachea : , ceular dlisted trachea, rom the frst, second, third. ind. anid fourth 
arise fear al are ue 
Three pales of dilated, traches, 1. I 
represented ja the bead én 
derval trachoa; 8 lott ft stmatal trachea 1. FL. HL Ara. second, 
rd pairs of abdominal ilated irae forming # plexus behind the ovaries: 
a! Dale of enormons, thoracic air apa ct abdominal: 
pos emlar dusted trachea and tirsace) 
the doreal trachen are indicated Dra 
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dominal ring contracted. This would indicate that the 
air rushes into the spiracles during the contraction of the 
abdomen, and that the air-sacs are not refilled until the 
spiracles are closed ; thus the air in the air-sucs is perhaps 
constantly changing. 

It is evident that the enormous powers of 
flight possessed by the locust, especially its Iuc- 
ulty of sailing for many hours in the air, is due 
to the presence of these air-sacs, which float it 
up in the atmospheric sea. Other insects with 
a powerful flight, as the bees and flies, have well- 
developed air-sacs, but they are less numerous. 
It will be seen that, once having taken flight, 
the locust can buoy itself up in the air, con- 
stantly filling and refilling its internal buoys or 
balloons without any muscular exertion, and 
thus be borne along by favorable winds to its 

Fic. om. estination. Tt is evident that the process of 
Longttmdiual respiration can be best carried on in clear, sunny 
Then of. rae weather, and that when the sun seta, or the 

ordueeteerie. weather is clondy and damp, its powers of Hight 

a are lessened, owing to the diminished power of 

respiration, ‘The finer structure of the trachea 
in seen in Fig. 288, 

Tt is difficult to explain many of the actions of insecta, 
from the fact that it is hard for us to appreciate their men- ~ 
tal powers, instincts, and general intelligence. That they 
have sufficient intellectual powers to enable them to main- 
tain their existence may be regarded as an axiom. But in- 
sects differ much in intelligence and also in the degree of 
perfection of the organs of sense. The intelligence of in- 
sects depends, of course, largely on the development of the 
organs of speciul sense. 

‘The sense of sight must be well developed in the looust, 
there being two large, well-developed compound eyes, and 
three simple ones (ocel/i), situated between the former, sup- 
plied with nerves of special sense, 

Fig. 280 represents the eye of a moth greatly enlanged to 
show the finer structure, 
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Tho antenn@ are, in the locust, organs of touch. The 
palpi are not only organs of touch, but probably, as in some 
other insects, are endowed with the sense of taste, enabling 
the locust to discriminate between the different kinds of 
food, and select that best adapted to suit its wants, It is 
possible that the labial nerves send branches of special sense 


ore of @ moth : 
Thaw the rod-like odin 


of suri —Atvee aa Wop we nemo 

‘The ears are well developed in the locust, and we know 
that the sonse of bearing must be delicate, not only from the 
fact that a loud alaram with kettles and pans affects them, 
but the movements of persons walking through the grass 
invariably disturb them. Besides this, they produce a fid- 
ling or stridulating sound by rubbing their hind legs 
against their folded wing-covers, and this noize is a sexual 
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sound, heard and appreciated by individuals of the other 
sex. Any insect which produces a sound must be supposed to 
have ears to hear the sound pro- 


» ° duced by others of its species. 
* 1) In the antenne, palpi, and 

abdominal appendages of dif- 

ferent insects are seated mi- 


nute sense organs of unknown 

Prk ela fy hed Sr functions, though probably 

scien pl ids oneness ited vither of smell or taste (Fig. 
290). 

The ears (or auditory eucs) of the locust are situated, one 

on each side, on the basal joint of the abdomen, just be- 


201, —Kar of 8 locust a from the tn: 
pepe bees tee ates cone eee 
Bese ee eee 
Ee Se Pd a Sd = 


hind tho firet abdominal spiracle (Fig. 279). Tho ap- 
paratus consists of a tense membrane, the dympanum, sare 
rounded by ahorny ring (Fig. 201), ** On tho internal sure 
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face of this membrane are two horny processes (ow), to which 
is attached an extremely delicate vesicle (é1) filled with a 
transparent fluid, and representing « membranous labyrinth, 
This vesicle is in connection with an auditory nerve (#) 


Watdtownrd tbe tal has ended thelr ceeiaiys a Ate dond afore carves descrioed 
by te ead of the tidtun aud passing back to tho end of the bed; pet eas fare 


SEE Seeemibed by the same legs during their passive change of fee 


which arises from the third thoracic ganglion, forms a gan- 
glion (ga) upon the tympanum, and terminates in the im- 
medinte neighborhood of the labyrinth by a collection of 
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cuneiform, staff-like bodies, with very finely-pointed ex- 
tremities (primitive nerve-fibres?), which are surrounded 
by loosely aggregated ganglionic globules.” (Siebold’s 
Anatomy of the Invertebrates.) 
In walking, the locust, beetle, or, in fact, any insect, 
raises and puts down its six logs alternately, as may be 
seen by observing the movements 
of a bectle (Fig. 292), While the 
atructnre of the limb of a ver- 
tebrate and insect is not homol- 
ogous, yet the mechanism or 
fanctions of the parts are in 
the main the same, as indicated 
in Figs, 293 and 294, 

The footprints of insects are 
sometimes left in fine wet sand 
on the banks of streams or by 
the seaside, 

In Fig. 205 the black dots 
are made by the fore, the clear 
circle by the middle, and the 
black dashes by the hind legs 
(Graber). 

‘The wings ure developed as 
folds of the integument, and 
strengthened by hollow rods 
called “* voins ;"’ their branches 
called “‘yenures,"” There are 
in the wings of most insects 

» at | * six main veins—ie., the costal, 
ge the subcostal, median, subme- 
ese fr dian, internal, and anal, 
are hollow and usually contain an air-tube, and a nerve 
often accompanies the trachoa in the principal veins, The 
arterial blood from the heart (az seen in the cockroach by 
Moseley) flows directly into the costal, subcostal, median, 
and sabmedian veins ; here it is in part aérated, and returns” 
to the heart from the hinder edge of the wings through the — 
Hinder smaller branches and the main trunks of the internal” 
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and anal veins, So that the wings of insects act as lungs 
as well a5 organs of flight. For the latter purpose, the 
principal veins are situated near the front edge of the wing, 


ee han td op fl a oa 
live ludicates tb A the contour of the log.- * Aner Graber, 
called the cosfa, and thus the wing is strengthened when the 
most strain comes during the beating of the air in flight. 
‘The wing of an insect in making the strokes during flight 
describes a figure 8 in the air. A fly’s wing 
makes 330 revolutions in a second, executing 
therefore 660 simple oscillations. 
‘The sexes aro always distinct in insects, the 
only known exception being certain very low 
aquatic Arachnida called Tordigrada, in which 
both sexual glands occur in the same indi- 
vidual. The testes of the common red- 
legged Jocust form a single mass of tubular 
glands, resting in the uppor side of tho third, 
fourth, and fifth segments of the hind body. 
Pigs. 296 and 297 represent this atracture in 
other insects, The ovaries consist of two sets 
of about twenty long tubes, within which the 
eggs may be found in various stages of de- 
velopment, The eggs poss into two main o.—Foot- 
tubes which unite to form the single oviduct wc ot eae 
which lies on the floor of the abdomon. Nstaral slze-Ar- 
Above the opening of the oviduct is the sebific 
gland and its duct. This gland secretes a copious supply of 
sticky fluid, which is, as in many other insects, poured 
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out as the eggs pass out of the oviduct, thus surronnding 
them with a tough cout, 

‘The external parts consist of the ovipositor (Fig. 278, 2, 
and Fig. 281), which is formed of two pairs of spines (rhab- 
dites) adapted for boring into the earth; and of the egg- 
guide (Figs. 278 and 281, eg), a triangular flap guarding the 
under side of the opening of the oviduct. 


, Malo vernal apps of bark beete PR te Lm 
Tes Caceres do, es oe aaa ig tar ae 
‘There is a remarkable uniformity in the mode of develop- 
ment of the winged insects. In general, after fertilization 
of the egg, a few cells appear at one end of the egg ; these 
multiply, forming a single layer around the egg, this layer 
constituting the blastoderm. This layer thickens on one 
side of the egg, forming a whitish patch called the primitive 
streak or band. The blastoderm molts, 
sloughing off an outer layer of cells, 
a new layer forming beneath ; the skin 
thus thrown off ia called the serous 

membrane ; the second 
(ectoderm) then arises, and a second 
.268.—Seetion of Sphing Membrane (called amnion, but nob 
nace tra lnosed homologous with that of vertebrates) 
wiiicemcniase,*°"e pocls off from the primitive band just 
as the appendages are budding ont, so 
that the body and appendages of the embryo insect are en= 
cased in the amnion as the hand and fingers are encased by 
@glove. As seen in the accompanying Figs. 298-303, the 
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appendages bud ont from the under side of the primitive 
band, and antenna, jaws, legs, ovipositor (or sting), and the 
abdominal feet of caterpillars are at 
first all alike. Soon the appendages 
begin to assume the form seen in 
the larva, and just before the insect 
hatches the last steps in the elabora- 
tion of the larval form are taken. 
As to the development of the in- 


ternal organs, the ner- 

vous system first origi- 

nates; the alimentary 

canal is next formed ; 

mickiamreadranst. tears and ut about this time 

i jen: the stigmata and air- 

tubes arise as invagina~ 

tions of the outer germ- 

layer. The development 

of the salivary glands precedes that of the uri- 

nary tubes, which, with the genital glands, are 

originally offshoota of the primitive digestive 
tract. Finally the heart is formed. 

When the insect hatches, it either cuts its way 
throngh the egg-shell by a temporary egg-cut~ 
ter, as in the flea, or the expansion of the 
head and thorax and the convulsive movements 
of the body, as in the grasshopper, burst the 
shell asunder. The serous membrane is left in 
the shell, but in the case of grasshoppers the 
larva on hatching is still enveloped in the am- 
nion. ‘This is soon cast as a thin pellicle. 

The principal change from the larval to the 
adult locust or grasshopper is the acquisition of 
wings, In such insects, then, as the Orthoptera 
and Hemiptera, in which the adults differ from 
the newly hatched larva mainly in the posses- 
sion of wings, metamorphosis is gaid to be in- 


ited # 


f 
all 


a 
PK 


complete. In the beetle, butterfly, or bee, the metamorphosis 
is complete ; the caterpillar, for example, is a biting insect, 
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ia voracious, and leads a different life aan ete ie 
sleepin chrysalis, which takes no_ rc 

other Meats he tsiape or buttorfiy has mandibles, which 
are rudimentary, and incapable of biting, while the maxille, 
or “tongue,” which were rudimentary in the ¢ i, 
become now greatly developed ; sad the "walter nies 
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Most caterpillars moult four or five times; at each 
moult the outer layer of the skin is cast off, the new 
skin arising from the Aypodermis, or inner layer of the in- 
tegument. The skin opens on the back behind the head, 
the caterpillar drawing itself out of the rent. In the 
change from the caterpillar to the chrysalis, there are re- 
markable transformations in the muscles, the nervous, 
digestive, and circulatory system, inducing a change of 
form, external and internal, characterizing the different 
stages in the metamorphosis, 

While the changes in form are 
comparatively sudden in flies and 
butterflies, the stops that lead to 
them are gradual. How gradual 
they are may be seen by a study of 
the metamorphosis of a bee. In 
the nest of the humble or honey 
bee, the young may be found in all 
stages, from the egg to the pupa a 
gayly colored and ready to emerge 
from its cell. It is difficult to 
indicate where the chrysalis stage 
begins and the larva stage ends, 
yet the metamorphosis is more 
complete—namely, the adult bee 
is more unlike the larva, than in 
any other insect. 

Besides the normal mode of de- 
velopment, certain insects, as the , Fig. 9-—Embryo of tho 4 
plant-louse (Aphis), the bark-louse Srrapeenom' 18 reheed=Afer 
(Coceus), the honey-bee, the Po- - 
listes wasp, the currant saw-fly (Nematus), the gall-flies, 
and a few others, produce young from unfertilized eggs. 
Certain moths, as the silk-worm moth (Bombyx mori) and 
others, have beon known to lay unfertilized eggs from which 
caterpillars have hatched. ‘This anomalous mode of repro- 
duction is called parthenogenesis, and fundamentally is only 
a modification of the mode of producing young by budding 
which is universal in plants, and is not unusual, as we havo 








PERIPATUS, 355 


longing, at least the May-fly, to existing families, appeared 
in the Devonian period, it is reasonable to suppose that in- 
sects must have inhabited the dry land of the Silurian 
period, 

Insects are divided into four sub-divisions or sub-classes— 
ie., the Malacopoda, the Myriopoda, the Arachnida, and 
the six-footed, winged insects, or Hezapoda. All agree in 
breathing by air-tubes, and in having in most cases a tri- 
regional arrangement of the segments of the body. By some 
authors the three higher groups are regarded as mdependent 
classes, but they are all modifications of a general insect 
form, with similar mouth-parts, a single pair of antenne, 
when these organs ure present, with no palpus to the man- 
dibles, and with other characters which render the class 
Insecta equivalent to the class Crustacea, 

Sub-class 1. Malacopoda.—This group is represented by 
single animal, the strange Peripatus of tropical coun- 
tries, in which the body is cylindrical, the integument, an- 
tonne, and limbs soft, not chitinized, with the head not 
separate from the body, and bearing a pair of many-jointed 
extensible antenne, with two pairs of rudimentary jaws 
(mandibles and maxillw), and from fourteen to thirty-three 
pairsof feet (according to the species). This animal differs 
from other Arthropods in the two widely separated minutely 
ganglionated nervous cords sent backward from the brain; 
also in the minute, numerous tracheal twigs arising from 
numerous minute oval openings (rudimentary spiracles) 
situated irregularly along the median line of the ventral 
surface of the body. The fect are soft, fleshy, and end in 
two claws. Poripatus is viviparous, According to the 
description and figures of Mr. Moseley, the young develop 
much asin the chilopodous Myriopods (Geophilus), show- 
ing that Peripatus is nearer to the Myriopods than any 
other group. ‘That it is a trachcate animal was also proved 
by Mr. Moseley ; but owing to the nature of the nervous 
system and the minute trachem and their numerous irregular 
spiracular openings, with no chitinous edge, this form cannot 
be placed among the Myriopods. On the other hand, it has 
some features recalling the Linguatulina and Tardigrada, 
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three pairs of feet, and in this and other respects resembles 
Podura. A second form, Furypauropus, of Ryder, hax six 
segments, with feet wholly concealed from 
above by the expanded 
Order 3. Chilopoda, This gr » is rep- 
resented by the centipede 
in which the body is flattened, the sternal 
region being well developed. In 
(Pig. 308, @. bipuncticeps Wood) 
there are from thirty fo tos ena 
ments. Our most common form is Litho- 
bius Americanus Newport, found under 
logs, etc. The centipede (Scolopendra 
heros Girard) is very poisonous, the poison- 
sac being lodged-in the two large fangs or 
first pair of legs. 8. gigantea Linn., of 
the Kast Indies, is nine inches long. In 
Cormatia the body is short, with 


eyes in the head and remarkably long 
; slender legs. ©. forceps Rafinesque, of the 
i; Middle and Southern States, is said to be 
poisonous. 
An aberrant, generalized form is Sealo- 
panarely t in which the head and antenne are like those of 
‘Thysanurons insect 5 this is therefore a con- 


regions, a head-thorax and abdomen, 

the head being closely united with 

the thorax. There are no antennw, 

only # pair of mandibles and a pair 

of maxille, with four pairs of legs. 

"There are never any compound eyes. 

The young i usually like the adult, 

except in mites, in which there |—Heal of 

ya slight motamorphosis. In all ot Mae ae 
d vee? a liver, this orgun not being Present in, 
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‘The type of the sub-class is the spider, which is character- 
ized by the pos- 
session of two 
or three pairs 
of spinnerets, 
which are 
jointed ap- 
pendages —ho- 
mologons with 
the legs. Be- 
sides trachew, 
spiders have a 
so-called lung 

€ (Big. 311, L), 

» composed of 


aro oval ewe “ling in from of several leaves, 


Stee a ‘ie Tipmute tenes shaded, into which the 


iy 
egiattheginsttn Heder a 


blood flows, 
and is thus aérated. In Zycosa the blood flows through the 
heart from the head backward. There is a great range of 
structure, from the lowest 
mites to the spiders, certain 
mites having no heart, no 
trachew, very rudimentary 
mouth-parts, and no brain, 
there being but o single 
ganglion in the abdomen. 
Order 1. Acarina,—The 
mites are the simplest 
Arachnida, the body being 
oval in form, the head 
usually small, more or less 
merged with the thorax, 
while the latter is not dif- 


ferentiated from the abdo- domes mone. 


wt bed, od i ope 
men, ‘Thero is a alight fancveniunes 
hosis, the mite ogi tot it ra Sea a 


metamorp! 
when first hatched having 
but three pairs of legs, the fourth (and last) pair being added 





after a moult. A typical mite, though above the average 
sizo of the members of the group, is the tick 312}, 
Izodes albipictus Pack. Closely allied to this is bovis 
Riley, the “calle tick (Fig. 313), which buries its head in 


Pig. 913—Srodestools, Nataral sto and 
enlarged. ” 


lt 39.-—-Ammothos marti . s 
coves 4, d) extemdh Fig. | 316. 
fear toe logan Soom tacit me ia Hie 


the skin, anchoring itself firmly by means of the backward- 

pointing tooth of its jaws. Other examples of mites are the 

cheeso and sugar mites (Fig. 314, Zyroglyphus sacohart). 
The sea-mites, Pycnogonida, are marine forms, without 
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air-tubes, with four pairs of long legs, into which coal 
prolongations of the stomach pass, as seen in Fig. 315. 


B17, — Afitnerium Serdheradumy ‘S18.—Carolina Bite 
guatiumes 7 mouin artes alien courdintanus). Natural sla 


‘The lowest mites comprise remarkable worm-like Acarina, 
called Linguatulina. The young are mite-like, the body 
spherical, with boring jaws, and two 
pairs of short-clawed feet. Pentas- 
toma (Fig. 316) oceurs in the lungs 
and liver of man, and in horses and 


sheep. A 
The Turdigrada or bear animal- 
cules (Fig. 317) are a step higher 
in the scale of mite life. In these 
singular beings the sexual glands 
exist in the same individual. 
Macrobiotus Americanus Packard 
is common in sphagnum swamps. _ rig. sio—chdifercanerotiden, 
Like the Rotatoria, these low mites “*#"!#e* 
Scmpeblect revivifying after being apparently dead and 
ried up. 
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holes in the ground, and sometimes conceals the opening by 
covering it with a few dead leaves. Our largest spider is 
Nephila plumipes of the Southern States. The common 
garden oe is Epeira vulgarts Hentz. It lives about 


a 
lopment of the Spider-—.4. wor-like wtage ; B, primitive band ; 


CG  —— |, With rudiments of Hmbs, 


houses and in gardens ; its geometrical web is very regular. 
‘The large trap-door spider (Mygale) has four lung-sacs in- 
stead of two, az in the other spiders, and only two pairs of 
spinnerets. Mygale Henzii Girard 
inhabits the Western plains and 
Utah ; Mygale avicularia Linn, of 
South America is known to seize 
amall birds, and suck their blood. 
There are probably about six or 
eight hundred species of spiders 
in North America; their colors 
are often brilliant, and sometimes, 
from the harmony in their colora- 
tion with that of the flowers in 
which they hide, or the leaves on 
which they may rest, elude the 
grasp of insectivorous birds. 


BA | 
Sub-class 4. Hexapoda.—The “"*'“ 

triregional division of the body is bettor marked in the 

genuine winged insects than in tho Myriopods and spiders. 

They have compound as woll aa simple eyes; two pairs of 
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the Cinura, to which belong the genera Campodea (Fig. 
324), Lepisma, and Machilis, 

In these Thysanura there is no 
spring, but the tail ends in two or 
three bristles; and in Machitlis, 
the highest form, there are com- 
pound eyes; in all there are 


Vig. 3ER—A Podeeran (Temocerws) and |tx scalos, Much enlarged, 


Jointed abdominal appendages, which 
structures are unique among H. 
podous insects. Campodea Ame 
cana Packard isa small white slender 
form, with long, many-jointed 
tennm, and two long, slender joi 
caudal appendages. It lives under 
stones, and C. Cookei Packard lives 
in Mammoth Cave, 
Order 2. Newroptora.—This group 
of not-veined insects is interesting 
from the fact that the oxisting 
families are widely separate, owing 
to the geological extinction of inter- 
mediate links found fossil in the 
Devonian and Carboniferous strata. 
The mouth-parts are free, adapted 
for biting ; the wings are broad, the 5. sm — ¢ 
hinder pair sometimes larger than rmandisber; 8, 
the front pair, and both pairs are finely net-veined. The 
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metamorphosis is either complete or incomplete. —- 
the species are aquatic. There are ten existing 

and certain species of most of these families resemble or 
anticipate the higher orders that succeeded them in time. 
Thas the caddis-flies would be easily mistaken for amall 
moths; the Mantispa mimics Mantis, the Psocus mimics 
the plant-lice, and the white ants which appeared in the 
Coal Period foreshadow the genuine ants, which first ap- 
peared in the Tertiary Period, wonderfully in form as well 
as in the extreme differentiation of the mdividual, involv- 
ing a complicated colony with numerous members of the 
entomological body politic. 
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As many of the larval Neuroptera live in the water, the 
various forms of external gills are of high interest, In the 
case-worms, which construct tubes of sand, bits of leaves, 
¢te., the gills are slender filaments permeated by air-tubes 
and situated along the side of the body. In the larval and 
pupal dragon-fly (Fig. 325) the water passes into the intes- 
tine, where there are folds rich in minute tracheal branches. 
Tn the smaller dragon-flies, such as Agrion (Fig. 826), there 
are three long, leaf-like gills, interponctrated by air-tubes. 


= | 
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-fly (Fig. 327) the leaf-like gills grow out from 
In the larval and pupal Perla 
(Pig. 328), tufts of gills are situated on the under side of 


‘Wig. BL —May-fly and terre, the Istter enlarged. 


the prothorax, and in 
the adult winged Pte 
ronarcys these gills 


_ are retained. Both an 


European and Brazil- 
ian Onddis-fly has been 
found to possess gills 
in the winged condi- 
tion. 

The habits of the 
Neuroptera aro most 
interesting ; the ant- 
lion in the larval state 
constructs a pitfall for 
unwary insects, Its 
metamorphosis is com~- 
plete, as is that of the 
Aphis-lion (Fig. 329, 
Chrysopa oculata Say, 
adult and eggs), 

As an example of 
mimicry among insects 
is Mantispa (Fig. 330), 


which, in its raptorial fore-legs, strikingly resembles the 


Orthopterous Mantis (Fig. 333). 


The white ants top the Neuropterous series ; they live in 
stumps and fallen trees, and in the tropics do much harm 


by undermining the sills 
of houses, and destroying 
furniture, books, ete. The 
colonies are very large and 
populous. In our Termes 


; om and group of stalked 
Alavipes there are males Pt %—Chymps and group 


and females, workers and 


soldiers ; the workers being small, ant-like, with small round 
heads, while the coldiore have large square heads, with long 
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Organs of hearing may be situated cither on the fore legs, 
as in the green grasshoppers, katydids, or at the base of 
the abdomen, as in the locusts. Most Orthoptera have a 
large ovipositor by which they burrow in the earth or into 
soft wood, and deposit their eggs singly or in masses. 
Mantis (Fig. 333) lays its eggs in a cocoon-like mass. 

Many Orthoptera, as the crickets, green grasshoppers, 
katydids, otc., and locusts, produce loud, shrill sounds, 


chs hoe African Manfis, of eootbunyer, with tts opg-mass—Prom Montetro's 


which are sexual calls. They stridulate in three ways— 
i.e, first, by rabbing the base of one wing-cover on the 
other (crickets and greon grasshoppers) ; second, by rub- 
bing the inner surface of the hind legs against the outer 
surface of the front wings (some locusts) ; third, by rub- 
bing together the upper surface of the front edge of the 
hind wings and the under surface of the wing-covers during 
flight (come locusts). 
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Order 4, Hemiptera.—Insects of this. group are called 
bugs. They all (except the bird-lice and Thrips) havo 

sucking mouth-parts, the mandi- 

bles and first maxillm are bristle- 

like, and ensheathed by the labinm 

or second maxillm. There are no 

palpi except in Thrips and the 

bird-lice. The metamorphoses are 

incomplete, the larva being like the 

4 adult, except that the wings are ab- 

sont. Many bugs secrete a disa- 

ont ox. greeable fluid from glands seated in 
bog. the metathorax. The lice are low, bE 

wingless parasitic Hemiptera. The 
squash-bug (Fig. 334, Coreus tristis) and chinch-bug (Blis- 

sus leucopterus Uhler) are types of the order. 


| 


wi 


Vig. 294. —Kerentoen-year Locert, 9, 6, pupa ; @, incisions for eges—A Mer Riley, 


An aberrant form is Thrips (Fig. 335, Thrips cerealium), 
with long, slender white wings and free biting month-parts, 
While most insects live but a year or two, or three ab the 
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most, the seventeen-year locust (Cicada septemdecim Linn., 
Fig. 336) lives over sixteen years as a larva, finishing its 
transformations on the seventeenth ; there is also, accord- 
ing to Riley, a thirteen-year variety of this species, 


weile fesse oral ean od 
enlarged, 


ZI SA Sne taseet. a larva, enlarged ; 6, 


The froth insect (Ptyelus lineatus, Fig. 387) abounds on 
gross in carly summer. The cochineal insect (Coccus cacti) 
belongs to the Coceide, or bark-lice; the dried female is 
used a8 a dyestuff, and abounds in Central America, 

The plant-louse (Fig. 339, Aphis mali Fubr.) is provided 
with two tubes on the hind-body from which honey-dew 


Pig. 899,—Applo Aphis. Natural size and enlarged. 


drops, which attracts ants, wasps, ete, In summer the 
plant-lice reproduce asexually, and as there may be nine or 
ten generations, one virgin aphis may become the parent of 
millions of children and grand-children. 
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Order 5. Coleoptera,—The beetles form a homogeneous 


and easily circumscribed group, all haying the fore-wings 
thickened, not used in flight, and forming sheaths (elytra 


Pig. $10.—Pine weevil. a, Inrva; 2, pupa. 


or wing-oovers) for the hinder pair, The mouth-parts are 
free and adapted for biting. The metamorphosis is com- 
plete. The young or larva of beetles are culled grabs. 


Examples of beetles and their transformations are the pine 


Fig. S41—Jano eetle and its transformations, 1, pmpa; 2, larra—AMer Riley. 


weevil (Fig, 340, Pissodes strobi Peck.) and the June beetle 
(Fig. 341, Lachnosterna fusca Frohl.). The oil beetle ig 
remarkable for passing through three larval stages (Fig. 
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Melo2 angusticollis Say), the first larva being minuto 
parasitic on bees, sucking their blood, while in the 


Pig. M2—Oll Beetle. o, firet larva; },eceond larva; ¢, hind larva; d, pupa. 


second and third stages it feeds on the pollen mass designed 
for the young bees, 


‘Fig. MR —Sylops cAlidrent, male, dorsal and elde view, Mech enlarged, 


‘Tho blister beotles (Zytfa marginata) undergo a similar 
series of transformations called a hypermetamorphosis, 
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Fig, MaThe warly stages at ive comman Hougefy. 4. derval and ide sew | 
iho 1d alrtaless ap. yplacte, C, tho epiracte ¢ * 
ei Sealer cS a 


wings, ‘The fomale is wingless, grub-liko, i tly de- 
Yolopod, and la viviparous, the young issuing from her b 
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in all directions, A few beetles are phosphorescent, Such 
are the fire-fics, the cucuyo of the West Indies, the glow- 
worm, and certain grubs, such as Astraplor illuminator 
(Fig. 845), Melanactes, and the young of a snapping beetle. 


‘Fly, 847,—Bot-fy of the ox and It larva. 


me now come to the second series of orders, tho Meta- 
Order 6. Diptora.—The common house-fly (Fig. 46) is 
a type of this division, all the members of which have bat 
two wings, while the tongue is especially developed for lap- 
ping up liquids) The common houso- 
fly lives one day in the egg state, from 
five days to a week as a maggot, and 
from five to seven days in the pupa 
stato, It breeds about stables. 
‘The Tachina-fly is beneficial to man, 
from its parasitism in the bodies of 
and other injurious insects, 
The bot-fly (Fig. 347%, Hypoderma 
Bovis DeGeer) is closely allied to the g¥\6%—Svatw pow 
house-fly, but the maggot is much 
: The larval bot-fly of the horee lives in the stomach, 
that of the sheep in the frontal sinus, 13 
‘The Syrphus flies (Fig. 348, Syrphus politts Say) mimic 
wasps ; they are most usefnl in devouring aphides. 





Vig. 140. —Met shoals ef Sun 
‘of Ue natives of troploal 
Led formule + 7, 


% the 
oe names how 
the 





antenne. The crane-flies 


(Tipula) are large flies, fi 


standing near the head of 
the order, and, like the 
flea and gull-fly, the 
cbrysalis is enclosed in a 
cocoon, there being no 
puparium or pupa-case, 
as in the lower flies. 
Lastly, we have the mus- 
qnito (Figs. 351 and 352), 
whose larva is aquatic, 
and breathes by a process 
on the end of the body, 
containing a trachea. 
Order ?. Lepidoptera.— 
‘The butterflies and moths 
form a well-defined group, 
and are known by their 
scaly bodies (Fig. 353), 
the spiral maxille or 
tongne, rolled up between 
the two large labial palpi, 
and their usually broad 
wings. As the butterfly, 
the type of the order, has 
been described at some 


+6 Ite respiratory tobe. 


the body. 


tube a, two padilos 


Tength, we will only re. a:e—tlead of Monqulio emlssped 0 
enumerate somo of the S'silmy yoy: ay.ihiun.” Si a 
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typical forms The lowest groop are the plume-moth+ 
(Pteropiorus), in which the wings are fissured. Above 


Fig. Sl —Stowing mote of ar 
tangemect of the scales ca the wings 
of a Mock 


e 


Fig. 555.—Grate Moth, Tinea gramdix. a. larva : 5, paps, mat, azn and enlanged j 
¢, grain of wheat beld Ugether ty a web.—Atter Curtin 


Fig. 4—Army-worm Moth. a, male : &. female; 6, ey 
tomaln ontenna. "Muen maguitied After Riley. 


them stand the clothes and grain moths (Pigs. 354 and 355), 
which are minute moths with narrow wings. 


A 





THE COTTON-WORM. 


‘The larger moths are represented by the canker-worm, 
the grass army-worm (Fig. 356), and the cotton army-worm 
(Fig. 357), 80 destructive to 
vegetation; the silk - worm 
moth (Bombyx mori Linn.), 
of the Old World, and the 
American silk-worm (Zolea 
Polyphemus Linn.). Certain 
species of the silk~worm 
family, called busket-worms 
(Gceticus), live in cases con- 
structed of short or long strips 
(Fig. 358). Our native species 
Cotton Army is Thyridopteryz ephemeresfor- 
més Haworth, 

The hawk-moths (Sphinz) are distinguished by their 
large size and very long tongue. The butterflies differ from 
the moths in having knobbed anten- » 
nw, while the chrysalides are often 
ornamented with golden or silyery 


ts, 
Order 8. Hymenoptera.—The bees 
stand at the head of the insect serics 
in perfection and specialization of 
parts, especially the organs of the 
mouth, and from the fact that in the 
course of the metamorphosis from 
the larva to the pupa the first ab- 
dominal segments hecome transferred 
to the thorax—a striking instance of 
the principle of transfer of parts 
headward. In the large head, spheri- 
cal thorax, and short, conical abdo- 
men, the bees are opposed to the 
dragon-flies and other Neuroptera, 
in which the abdomen is long, the p%e,Seoovs,ct tie 
thorax composed of three homogene- 
‘ous segments, and the mouth-parts only adapted for biting. 
In the bee thore is a marked differentiation of tho parts of 





mud-wasps (Fig. 365), psper-making wasps, 
The lowest family ix the Urocerida, or horn-tails (Fig. 
260, larrs of Tremex columba Linn), whose fleshy white 


1a be 
¥ Bt (oe bene ; J, tow tabiam Eo whicb te appecsted the leule (3; 
POPELEA fuipt; a che bere banal mes | compen pene 


larva bore in trees. The adults are large, with a long, saw- 
like ovipositor. In the saw-flies (Tenthredinida, Fig. 361, 
the pear-slug, Selandria cerasi Peck) the larva strongly re- 
sembles a caterpillar, having eight pairs of abdominal feet. 
The gall-flies (Fig. 362, Cynips) are small Hy 
which lay eggs in the leaves or stems of the oak, ete., which, 
from the irritation set up by their presence, causes the de- 
formation termed a gall. 





es 
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‘The family of ants is remarkable for the differentiation 
of the species and the consequent complexity of the colony, 
the division of labor and the reasoning powers manifested 
by the workers and soldiers, which, with the males and 
females, constitute the ant-colony. 

Certain ants enslave other species ; have herds of cattle, 
the aphides ; build complicated nests or formicaries (Fig. 
866), tunnel broad rivera, lay up seeds for use in the winter- 
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their Jeaf-cutting habits ; the soldiers have large triangular 
heads, while the workers haye much smaller rounded heads. 


Big. 367 represents a species of Keiton. 


Pig. 967. —Eoiton, Pig. $68,—Mud-lauber, 


The mud-danbers (Pelopeus, Fig. 368) build their nests 
against stone walls, of pellets of mud, while the sand- and 
mud-wasps dig deep holes (Fig. 369, Sphex ichneumonea 


Vig. .—Sand-warp (Spher). Natural alee. 


Linn.) in gravelly walks, and have the instinct to sting 
grasshoppers in one of the thoracic ganglia, thus paralyzing 
the victim, in which the wasp lays her eggs; the young 








cells made for the young or larval drones are 
of the workers, and the single queen cell is 


A 


is the 


F 


while some queens have been known to live five 
The latter will often, under favorable circum- 
lay from 2000 to 3000 eggs aday. The first brood 
live about six weeks in summer, snd are suc- 
a second brood. 


P 


Cxasa IL—INSECTA. 
A distinet head, thoraz, and abdomen ; breathing by traches ; wmally 
metamorphouia, 


chain of minute gunglis, but the cords widely separated 
(Peripatus). 

‘Scn-crass IT. Myriopoda,—Thorax and abdomen forming a continuous 
region, with from six to two hundred jotnts, each bearing a 
pair of genuine legs. 

Order 1, Chilegnatha,—Body cylindrical or flattened, with no 
steraum ; a distinct metamorphcsis (Julus, Polydesmus), 


hie 





Onder 2, Pasropeds.—Vicroscoue ; body of six to nine segments 
Lesides the head (Paxropas). 


Order 3. Chileprda.—Sternum large, body flattened (Scolopenidra, 
Lithobius). 


Sce-ctass IL. Arachnida,—Head and thorax intimately united ; no 
antenme, and only one pair of maxille ; no genuine 
minal legs. 

Order 1, Acarina.—No thorax separate from the abdomen (Acurus, 
Lxodes). 


Order 2. Pilipalel — Maxey pele ite oe 
claw; abdomen distinctly segmented (Scorpio, Chelifer, 
Phalangiarm). 


Order 8. Arancina.—Abdomen rounded, bearing two or three 
pairs of spinnerets, and attached by a slender pedlicel to the 
thorax ; no metamorphosis (Epeira, Mygale). 


Sun-crast IV. Heropoda.—Antennm always present, and two pairs of 

maxille ; six thoracic legs ; a genuine metamorphosis. 

Order 1. Thysanure.—Wingless, minute, with a spring, or ab- 
domen ending in a palr of caudal stylets; usually no 
compound eyes; no metamorphosis (Podura, Daou 
Lepisma). 

Order 2. Newroptera.—Winged, net-veined, of equal, size, pupa 
often active; abdomen often long and slender (Ephemera, 
Libellala, Phryganea, Chrysopa, Perla, Termes). 


Order 8. Ovthoptera, —Winga vet-veined ; fore-wings narrow, 
straight, not often used in fight ; eunerrheds NaaeeN 
pupa active (Forficuls, Locusta, Caloptenus, 

Achety), 

Order 4. Hemiptera.—Mouth-parts forming a sucking beak ; pro- 
thorax usually largo ; fore-wings often thickened at base ; 
Pups active (Coreus, Arma, Pentatoma, Olcada, Coccus, 
Aphis). 

Order 5. Coleoptera. —Fore-wings thick, enshenthing the hinder 
pair, which sre alone used in flight; mouth-parts free, 
adapted for biting; metamorphosis complete (Doryphors, 
‘Clytus, Lucanus, Harpalus, Cicindela), 

Order 6, Diptera. — Only two wings; mouthparts adupted for 
lapping and sucking ; a complete metamorphosis (Musca, 
Catras, Syrphius, Cecidomyia, Tipula, Culex), 
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—Chilognatha, 
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ARACHNIDA, MYHIOPODA 





INSECTA, 


Laboratory Work —In dissecting Myriopods, spiders and insoeta, the 
dorval portion of the fategument should be carefully removed with 
fine scimors, leaving the hypodermis untoached ; thls should then be 
mised, disclosing the delicate heart or dorsal vessel, ‘The alimentary 
‘caual will be found passing through the middle of the body ; tt liould 
be Iald open with the scissors, or better, a hardened alcoholic species: 
ean readily be cut in two longitadinally, and if the peotion Ix tran, the 
wreophagus and crop—for example, of a locunt—oan be Takd open, anit 





_ Reducer, 


She eee ee wah bee Sooeely cn chee fiver of Shee body, cae be 
emily meet ie cy she ely cee cs ie iomin and inf 
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CHAPTER VIII. 


BRANCH Vill—Veerssests. 


Goneral Characters of Vertebrates. The fundamental 
characters of the Vertebrates are not the posession of 


form | eae for sepinal 
cord, the latter sending off spinal nerves in pairs * correspond 
ing to the segmentations (vertebrw) of the spinal column, 


* Except in Amphioxus, in which the spinal nerves arise right aud 
left alternately. 
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From the underside of the vertebre are sent off processes 
sirarpradie the riba, which enclose the digestive and 

central circulatory organs. There is a skull formed by a con- 
tinustion af the vertebral column, enclosing a genuine brain, 
consisting of several pairs of ganglia. To the vertebral col- 
umn are sppended two pairs of limbs, supported by rays ir- 
regularly repeated, or a series of bones of a definite number, 


attached to the vertebral column by a series of bones called 
respectively the shoulder and pelvic girdle. 

Tt will be observed that the fact of segmentation, bo prom: 
inent a feature in the Worms and Arthropods, survives, or at 
least reappears in a marked degree in the Vertobrites, as 
soon not only in the vertebral column, bat in the arrangoment 
of the spinal nerves, It is perceived also in the 
of the museles into masses corresponding to the vertebra; 
and in the segmental organs or tubes forming the kidneys of 
the sharks and rays, while segmentation is especially marked 
in the disposition of the primitive yertebre of the early em- 
bryos of all Vertebrates _ 

‘The digestive canal consists of a mouth with lips or jaws, 
armed with teeth, a pharynx leading to the Inngs ; an owoph- 
agus and thyroid gland ; sometimes a crop (inginvies), often 
@ fore-stomach (proventriculus); a stomach and intestine, 
cloaca and vent. Into the beginning of the intestine 
a duct leading from a large liver; a gall-bladder, a 
pancreas, and a spleen, also communicating with thei! 

The products of digestion do not all pass through the walls 
of the stomach and directly enter the circulation, aa in the 
invertebrates, but there is a system of intermediate vessels 
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called the lacteal system or ubsorbents, which take up a part 
of the chyle from the digestive organs and convey it to the 
blood-vessels, 

There isa true heart, with one, generally two, auricles, and 
one or two ventricles with thick, muscular walls, and besides 
arteries and veins, a capillary system, #. ¢., minute vessels 
connecting the ends of the smaller arteries with the smaller 
yeins. ‘Thereare no genuine capillaries in the lower animals 
exactly comparable with those of the Vertebrates. 

‘The blood is red in all the Vertebrates except the lancelet, 
and contains two sorts of corpuscles, the whito corpuscles 
like the blood-corpuscles of invertebrates, and red corpuscles 
not found in invertebrates, and which are said by some 
authors to be derived from the white corpuscles, 

While fishes and larval Amphibians breathe by gills, all land 
and amphibious Vertebrates breathe the air directly by means 
of cellular sacs called lungs, and connected by a trachea with 
the pharynx, the trachea being situated beneath the esopha- 
gus, and the opening from the mouth into the pharynx lead- 
ing into the trachea being placed below the throat or pagsage 
to the esophagus. The air filling the cells or cavities of the 
Tungs passes by osmose through the walls of the cells into the 
Dlood sent by the heart through the pulmonary artery, and 
after being oxygenated it returns by the pulmonary vein to 
the heart. On the other hand, carbonic acid passes from 
the blood out of the lungs through the trachea, 

‘The nervous system of Vertebrates consists of a brain and 

cord, The brain consists of four pairs of lobes, i. ¢., 
the olfactory lobes, cerebral hemispheres, the optic thalami 
(Thalamencephalon) and pineal gland, and the optic lobes; and 
two single divisions : the cerebellum and the beginning of the 
spinal cord, called the medulla oblongata, The olfactory lobes 
are the most anterior, and send off the nerves of smell to the 
noee. ‘The cerebral homispheres in the fishes and amphibians 
are little larger than the adjoining lobes, but in the reptiles 
become larger, until in the mammals, and especially in the 
‘apes and man, they fill the greater part of the brain-box and 
overlap the cerebellum ; the latter, in the mammals, also 
‘exceeding all the other lobes in size, excepting the cerebrum. 
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Attached to a downward prolongation (infundibulum) of the 
optic thalami is the curious pituitary body. ‘The medulla 
sends neryes to the skin and muscles, giving sensibility and 
motion to the face, eyes and nose, to the larynx and sensitive 
portion of the lungs; a pair also is sent to the lungs and 
heart, If the spinal marrow is severod, the parts below are 
paralyzed ; if the medulla is ent or broken up mammals die 
at once, while the lower Vertebrata die sooner or later. 
The brain in an embryo originally consists of three yosi- 
cles or primitive lobes; and the correspondence between 


i tt trom 


‘, 
aye EG} 
y interal vente 


the three primitive lobes, called respectively the fore, mid, 
and hind brain, may be seen by the following table : 


TascLan View ov rae Supprvrsroxs or Tie VewrennaTe BRAD, 


Olfactory lobes or ganglia, with their ventricles (rhinen- 
eephalon), 

Cerebrum or cerebral lobes or lemiapheres (with the 

Fore brain, "0 lateral or first and recond ventricles, forming 

the prosencophalon or prothalami), 

Optic thalami, with the third ventricle and eonariam 
above and bypophysls below (Thalameucephalon + 

| pineal gland). 
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‘Optic lobes, corpora bigem{na or quadrigemina (mesen- 


cophalon), 
Lt grasa fe cerebri. 


Optic ventricle or Iter = tertio ad quartum ventriculum, 


Cerebellum (with its ventricle and the pons varolll, form- 


mine ing the metencephalon). 
Medalla oblongata and fourth ventricle, 


The accompanying sketches represent the typical nervous 
aystem of an amphibian, which also resembles that of many 
fishes, and even the lower Reptilia, 

The spinal cord (Fig. 374) usually 4 
extends through the whole length of 
the spinal canal, except in the toads 
and frogs, birds and many mammals, ¢ 
where it stops short of the end of its ¢ 
canal. In those Vertebrates with 
limbs, the cord enlarges where the 
nerves which supply them are sent off ; 
these are the cervical or thoracic, and 
lumbar enlargements, especially large 
in turtles and birds. The white and 
gray substance of the brain continues 
in the cord. 

As the most essential characteristic 
of Vertebrates is the internal skeleton 
{endoskeleton) we will enter more into 
detail in describing it, and afterwards 
notice the external skeleton (exo- 
skeleton). ‘ 

In the embryos of higher Vertebrates #0"*. #, from 
and in the adult lancelet, hag-fish and henlajueres:&- 
lamprey, the vertebral column is rep- Eee Detling 
resented by a rod-like axis (notochord cord: (ter 
or chorda dorsalis) which is composed Gent 
of indifferent, or only partly organized aig the substance 
of the chord resembling cartilage. These chordal cells secrete 
a membrane called the chordal sheath. The notochord is not 





2 


segmented. In all Vertebrates above the lamprey, the verte- 


bral column grows amend the notochord, which finally 


A 
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Dodies of each vertebra of a lizard, bird or mamma! being 
solid bone. Figs. 375 and 376 represent the relations of the 
notochord in an adult lamprey and a young fish. 

“The vertebra of a bony fish 
or higher vertebrate consists 
of a body, with a dorsal or 
neural spine ; a pair of oblique 
processes (zygupophyses) arching 

over and josing the spinal 

ly and éransverse processes, 
bending downwards, to which 
the ribs are articulated ; certain 
of the thoracic ribs uniting 
with the sternum or breast-bone 
(Figs. 377 and 378.) 

Vartebrw like those of fishes, 
which are hollow or concave at 
each end, are said to be amphicalous ; those hollow in front 


and convex behind procwlous, as in most toads and frogs 


and crocodiles, and most existing 
lizards, and those convex in front 
and concave behind opisthocalons, 
as in the garpike, some Amphib- 
ions (the salamanders and cer- 
tain toads, Pipaand Bombinator). 
Vertebrates never have more 

is). ceentram than two pairs of limbs, an an- 

raster th ieee "io, terior and hinder puir ; the pecto- 
Wi aebomsionet bee CAC ra) paie of fins of fishes represent 

mm a 

fine the fore limbs of Amphibians and 
higher Vertebrates, and the arms of man; the two ventral 
fins represent the hind legs of higher Vertebrates, and the 
legs of man. ach pair of limbs is connected by ligaments 
and muscles to a girdle or eet of bones, called respectively 
the shoulder girdle and pelvic girdle, each girdle being con- 
nected by muscles to the vertebral column. ‘The shoulder 
girdle consists of a clavicle (or collar-hone), scapula (or 
shoulder-blade), and coracoid bone, uswally a process of the 
scapula. These bones differ greatly in the different classes, 


tL) 





‘yman). 

‘The head of all Vertebrates above the lancelet is supported 
by a more or less perfect cartilaginous or bone framework, 
the skull (cranium), or brain-box (Fig. 386). It isa contin- 
nation of the vertebral colamn, and protects the brain, 
besides forming the support of the jaws, tongue-bone 
(hyoid bone), and branchial arches. The series of lateral 
(visceral or branchial) archos varies, but there may be nino; 
the most anterior (if it be counted as tho first ono, Fig. 
387, a, b,c) is formed by the labial cartilages (¢rabecule 
oranit) ; next comes the mandibniar arch (0, n), which is anc- 
ceeded by the hyoid arch (II.) and the six branchial archos. 
In the embryos of all Vertebrates these visceral arches aro 


* A modified form of this theory in advocated by Balfonr and J. K. 
Thatcher, who attempt to show that the Himba with thelr girdion were 
derived from « serios of similar simple parallel rays, and that they 
were originally a specialization of the continuous lateral folda or fins nf 


embryo fishes, and probably howologoms with the Interal folte of the 
sdult lancelet (Amphioxua), 
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well marked; of the slits or openings between them, the 
first is destined to form the mouth, the noxt pair of slits 


Fie, 5. 


Vig, St—Ilind log of «larval Salamander, ‘The dotted lince are drawn throwgh 


ich the disterent ploces beloug. Fe, femur: 7) tibia: 
ey, tac a? Best fon intermadiain ; tial rfltlace ; ¢, centrale : a 
five tareala, ‘The frst row of phalanges are called’ imetatareals (in the Dad, meta 
Vig: S4-—Bones of the foot of « Tee 


tile Gizardy 4, and an embryo bind, He 
pur 6 tibia sm, Abulas ir, upper, hy rao phases ot the * eet aie 
inetatarsalte of 
see’ of the Durmand (Buteo vwigaris), a, tibia &, 
whe sin i, the vam fee ike a - tun from‘ deemed adam, 
the four digits oF toos.— After 


in the Amphibia and higher Vertebrates forms the oar-pass- 
age, while the other slits may remain open in fishes, form- 
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ing gill-<lits or spiracles, but are closed in the higher Verte- 
brates. Asa role, the skull is symmetrical, exceptions being 
found in the flounders and the bones about the nose of cer- 


E BH.~ Skull of the Lion & occ 


eae eat ree 


bone | 
fiolat | ml, molar tooth —, 


tain whales and porpoises. The base of tho skull is perfo- 
rated for the exit of the nerves proceeding from the base of 
the brain, and the hinder bone (occiput) is perforated (fora- 
men magnum) for = 
the passage of the 
spinal cord from the 
medulla oblongata. 

Itis probable that 
there is a general 
parellelism between 
the head of Insects 
and Vertebrates, 
i.é., that while the | Pig.a%.—Skull amd viecern| 
head of insects, for timthy sh, chino reieat ms 

. Indlal cartiiage ; a, #iperior, ", 

example, consists of Of the mseditvelar mel fy th, ByOi are 
a certain number of “> 'asebial ‘archea.—Aher Gegenbaur, 
segments, homologous with those of the rest of the body, 
and with mouth-parts homologous with the limbs; that the 
skull is also segmented, and an expansion and continuation 


of the vertebral column. Gegenbanr even maintains that 
the yarious arches of the head are homologous with the limbs, 
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On the other hand, while the brain of insects is a 
pair of ganglia like those of the rest of the body, the differ- 
ent ganglia forming the brain of Vertebrates are concen- 
trated in the head alone ; still the different pairs of nerves 
sent off from the base of the brain are homologous with 
the spinal nerves, sent off at intervals corresponding to each 
vertebra. 

‘There are two theories of the composition of the skull. 
‘That of Oken, Goethe, and of Owen, who believed that the 
skulls of the bony fishes and mammals were composed of 
three or four segments. It should be noticed that these 
views are based on an examination of highly specialized ver- 
tebrates. From a study, however, of the more generalized 
types of fishes (such as the sharks), and the embryos of yer- 
tebrates belonging to different groups, the old yertebrate 
theory of the skull has been discarded, and the view of Ge- 
genbaur, confirmed by Salensky, is probably nearly the cor 
rectone, As stated by Gegenbaur : 


1. The skull is comparable to a portion of the vertebral 
column, which contains at least as many vertebral segments 
as there are branchial arches, This view is borne ont by the 
following facts : 


a. The notochord, which forms the fonndation of the 
vertebral column, passes through the cranium in the 
same way as it passes through the vertebral column. 

6. All the nerves which pass out of the base of the 
skull (or that portion traversed by the notochord) 
are homologous with the spinal nerves. 

¢. The difference between the skull and vertebral col- 
umn consist of secondary adaptations to certain con- 
ditions, which are external tothe skull, and are 
partly duo to the development of a brain, 


2, The skull may be divided into two regions, a werfebral 
portion and an anterior evertebral portion, lying beyond 
the end of the notochord. 

3. The number of vertebra which enter into the forma 
tion of the skull are nine at least (according to Salenaky, in 
the sturgeon, seven); the exact number is im! 





TEETH OF VERTEBRATES, 401 


Tn the lancelet there is no skull, or even the rudiments of 
ono (unless the somi-cartilaginous supports of the tentacles 
be regurded as such), henee the Vertebrates are divided into 
the skulless or acraniate (Acrania, represented by the lance- 
Tet alone) and the skulled or craniate (Craniota), the latter 
seriés comprising all forms from the hag-fish to man. In 
the Craniota the skulls may be, according to Gegenbaur, di- 
vided into two groups. In the hag and lamprey the noto- 
chord is continued into the base of a small cartilaginous 
capsule, enclosing the brain, and which represents the skull 
of higher Vertebrates (Craniota). This capsule behind is 
continnons with the spinal column. 

With the skull of the second form two jaws are developed, 
hence all the vertebrates above the hag and lamprey form a 
series (Gnathostomata) opposed to the former, or Cyclax- 
tomata, 

Tn the Gnathostomata there is a gradual modification and 
perfection of the skull. In the sharks it may be quite sim- 
ple and cartilaginous ; in the bony fishes it is highly special- 
ized, consisting of a large number of separate bones. In 
the Amphibians we first mect with a skull consisting of few 
bones, easily comparable with those of mammals; in the 
reptiles and birds the ear-bones are external, forming the 
Targe quadrate-bone by which the lower jaw is articulated to 
the skull. A progress is scon in the mammals where the 
quadrate-bone becomes internal—one of the ear-bones (the 
incus). Nowalso, the brain becoming much larger, evincing 
a much higher grade of intellect, the skull is greatly en- 
larged to accommodate the great increase in size of tho 
cerebrunr and cerebellum, the perceptive and reasoning fac- 
ulties predominating over those regions of the brain and 
skull devoted to perceiving, grasping, and masticating the 
food. 

Though not properly forming part of the skeleton or de- 
veloped with it, we may here consider the tecth. 

The tooth of Vertebrates aro formed from the modified 
epidermis and cutis, or dermis; the former secretes the 
éname] and the latter is changed into the pulp or dentine, 
The simplest form of tooth is conical, In the jawless hag 
there are no teeth in the lips, but a single median tooth on 
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the palate and two rows of comb-like teeth on the tongue, 
Tn tho lamprey the edges of the circular mouth are provided 
with circular rows of conical horny teeth, The teeth of 
higher Vertebrates are derived from the cells of the mucons 
membrane of the mouth, which is formed of connective tis- 
sue as well us epithelium. The teeth of fishes are developed 
not only in one or several rows in the lip, but may also arm 
the bony projections into the mouth-cavity of the palate, 
‘omer and parasphenoid bones and the hyoid and bran- 
chial arches. In the Amphibia teeth survive on the palatine 
and yomerine bones, more rarely on the parasphenoid ; among 
the reptiles, the snakes and lizards alone haye teoth on the 
palatine and pterygoid bones, while in the crocodiles and in 
mammals the teeth are confined to the maxillary bones. In 
the geckos, snakes and the crocodiles, as well as the mam- 
mals, the tecth are inserted in sockets (alveoli) of the jaw, 
(Gegenbaur.) 
In certain extinct birds (Odonfornithes) there were teeth 
in the jaws, though all existing birds are toothless, Tt is 
said that mdimentary 
teeth were found by 
Geoffroy St. Hilaire in 
the jaws of a parrot. 
Blanchard afterwards 
found the germs of 
tecth there, thongh 


n E - they never come 

. = through. In the Mam- 

Nes mals the teoth are dif- 

Fig. 984.—Teeth of tho Tasmanisn devil, The ferentiated into inei- 
SEE a omens; a 4 eur moar 8OT%, Canines, Premo~ 
Saale oe: lars and molars (Fig. 
383). In descriptive anatomy the teoth are for convenience 
expressed by a formula, the number of teeth of the upper 
jaws being placed like the numerator of a fraction, and those 
of the lower jaw like the denominator, the initials of the 
names of the tecth being placed before the figures, thas 


the dental formula of man is J =H oltt.p bi § cd 


2-2 1-1" 2= 
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In the fishes, Amphibians and reptiles, the worn-out teeth 
are replaced by a succession of net ones ; in mammuls (ex- 
cept cetaceans, where there is no change) there is but a single 
chango, the first (milk) teeth being replaced by a second sot 
of permanent tooth. The tecth of the lower Vertebrates 
are shed while swallowing the food. In the bow (Python) 
the tecth thus shed are found scattered along the intestinal 
canal and are discharged with the remnants of tha food 
(Wyman). 

‘Tho dermal or exoskeleton consists of the scales of fishes, 
reptiles and certain mammals, such as the armadillo, the 


akin of an embryonic 


re 


994.—Vertical section through the sharic. 6, cori 
serait SG Sagers oF the eorlaa : 4 uppermost layer: papi; B ‘pldeemia 


yee 


feathers of birds and the hairs of mammals. Most seales 
urise from dermal papilla (Fig. 384, p), and are covered over 
by a Iayer of enamel (Fig. 384, ) developed from the epider- 
mis; 80 that the scales of sharks and mys, and turtles, 
arise from both the dermis and epidermis. 

A hair or feather is a modification of a scale; the papilla 
is sunken in a pit of the dermis, the conical cap of epi- 
dermis arising from it ultimately forming the hair or feather, 
The plates of turtles, the scales of snakes and lizards, and 
feathers of birds are epidermal. In the horns of mammals, 
as of the rhinoceros, and the hoofs of the horse, the epi- 
dormal substance is penetrated by numerous long dermal 
papilla. 


columnar cella; 9, onainel 
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The head of the sturgeon, garpike, and of other ganoid 
fishes, is protected by solid dermal bones, and the shells of 
turtles ure dermal structures, 

‘The color of the skin of Vertebrates is duo to pigment- 
granules sitnated either in the epidermis or dermis, and in 

the chameleon they 
are contained in special 
sacs (chromatophores) 
which are under the 
control of the nervous 
system, 

‘The muscular system 
of Vertebrates arises 
from the middle germ. 


ay ae layer (mesoderm), and 


‘ayer 2, dentine of be 10 the germ the muscles 
‘Owes. 


in part arise from the 

primary segments indicated by the protovertebre, whilo in 
the adults of fishes and certain salamanders, the musenlar 
system “is distinctly segmented, corresponding to the seg- 
mentation of the ver- 
tebral column, the gfe ees 
four lateral trunk- 
muscles being divided 
into a number of seg- 
ments by tendinous - 
bands, which corre- UN SSeS 
spond in number to & “i, = 
the yertobre (Gegen- 171] fig 
banr). 

The oye in Verte- 
brates in its develop- 
mentalhistorybelongs 
to different type of 
structure from that of 


any invertebrates, un pig a—cyi 

Teas it bo the larval = ‘sone Owens 
Ascidinns, for in both types the eye is said by Gogenbanr not 
to be directly developed from the ectoderm, but from the 
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anterior portion of the central nervous system. ‘The differ- 
ence between the highly-developed oye of a cuttle-fish and 
a bony fish, for example, consists in the fact that the rods 
and cones (similar to those of the invertebrate eye) forming 
a layer (the bacillar Jayer) behind the retina, are in the ver- 
tebrate eve turned away from, while in the invertebrates they 
aro directed toward the opening of the eye. 

‘The ear of Vertebrates is at first a primitive otocyst, or 
ear-vesicle, which is gradually ont off and enclosed, forming 
a cavity of the skull. As we riso towards the mammals, the 
ear becomes moro and more developed until the inner, 
middle, and outer ear is formed ; the Eustachian tube being a 
modification of the first branchial cleft, forming the spiracle 
in the sharks (Selachii) and Ganoids, 

Tn the lancelet a head is scarcely more set apart from the 
test of the body than in many invertebrates. In the fishes 
und Amphibians the head is not separated by a neck from 
the trank ; in reptiles the neck begins to mark off a head 
from the thorax, while in the birds and mammals the head 
is clearly demarked, the degrees of cephalization and trans- 
fer headward of those features subordinate to the intellec- 
tual wants of the animal becoming more striking as we 
aseond through the mammalian series to the apes, and finally 


man. 

The development of Vertebrates can scarcely be epitomized 
in a few lines. The mode of growth of Amphioxus is a 
general expression for that of all Vertebrates, for all develop 
from fertilized eggs, which undergo total or partial segmen- 
tation of the yolk, become three-layered sic’ and assume the 
peculiar vertebrate characters, the development of the mam- 
mals differing from that of the other classes only in compar- 
atively unimportant features, 

‘The Vertebrates are divided into two series or sub-branches: 
the Acrania and Craniota ; the former type is represented 
by but a singlo genus, order and class, the lancelet or Am- 
phiozus. The snb-branch Craniota is divided into six class- 
es, the Marsipobranchs, fishes, amphibians, reptilia, birds 
and mammals, 
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Crass 1. Lerrocanpre (Lancelet). 


The lancelet is the only type of this class. From ite 
worm-like form it was regurded us a worm by some authors, 
and as a mollusk (*Limax”) by 
Pallas. The body is four or five cen- 
timetres in length, slender, com- 
preased, pointed at each end, hence 
the generic name (Amphioxus, aut, 
both, o&vs, sharp), the head-end be- 
ing thin, compressed. The muscn~ 
lar gegments are distinct to the 
naked eye. From the mouth to the 
yent is « deep ventral furrow, and 
a slight fin extends along the back 
and ventrally as far front as the vent. 

The lancelet, A. lanceolatus (Pal- 
lus), lives in saud just below low- 
water mark, ranging on our coast from 
the mouth of Chesapeake Bay to 
Florida ; it also occurs on tho South 
American coast, and in the European 
seas and the East Indies, the species 
being nearly cosmopolitan. 

As this is the lowest Vertebrate, its 
atrncture and mode of development 
merit careful study. 

The mouth is oval, surrounded 
with a circle of cilinted tentacles 
supported by semi-cartilaginous pro- 
cesses arising from a circumoral ring. 
The mouth leads directly into a lange 
broud pharynx or “branchial sac” 
(Fig. 387, d), protected at the en- 
trance by a number of minute cili- 
ated lobes. 
bias The walls of this sac are perforated 
long ciliated slits, comparable with those of the bran- 
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chial sacs of Ascidians and of Balanoglossus. Tho water 
which enters the mouth passes out through these slits when 
it oxygenutes the blood, and enters the general body-cavity, 
thence passing out of the body through the abdominal pore 
(Fig. 387, c). The pharynx leads to the stomach (e), with 
which is connected the liver or cwcum (f). There is a 
pulsatile vessel or tubular heart, beginning at the free end 
of the liver, and extending along the underside of the phar- 
yox, sending branches to the sac and the two anterior branches 
to the dorsal aorta. “‘On the dorsal side of the pharynx the 
blood is poured by the two anterior trunks, and by the 
branchial yeins which carry away the uérated blood from 
the branchial bars, into « great longitudinal trank or dorsal 
aorta, by which it is distributed throughout the body.” 
(I{uxley.) ‘There are also vessels distributed to the liver, 
and returning vessels, representing the portal and hepatic 
seine, ‘The blood-corpuscles are white and nucleated. 

‘The vertebral column is represented by a notochord which 
extends to the end of the head far in front of the nervous 
cord ; and also by a sories of small semi-cartilaginous bodies 
above the nervous system, and which are thought to repro- 
sent cither neural spines or fin-rays. The nervous cord lies 
over the notochord ; it is not divided into a true brain® and 
spinal cord, but sends off a few nerves to the periphery, with 
nerves to the two minute eye-spots. There are no kidneys 
like those of the higher Vertebrates, but glandular bodies 
which may serve as snch. The reproductive glands are 
square masses attached in a row on each side of the walls of 
the body-cavity. The eggs may pass out of the mouth or 
throngh the pore. Kowalevsky found the eggs issuing in 
May from the mouth of the female, and fertilized by sper- 
matic particles likewise issuing from the mouth of the male, 
‘The eggs are very small, 0-105 millimetres in diameter. The 
eggs undergo total segmentation, leaving a segmentation- 
cavity which becomes the body-cavity. 

The blastoderm now inyaginates and the embryo swims 
about as a ciliated gastrala. ‘The body is oval, and the germ 
does not differ much in appearance from a worm, starfish, 


* Langerhans lins figured an olfactory lobe; and all observers agree 
that a ventricle is present ; thus there is a slight approximation to a 
brain, 





or ascidian in the same stage of growth. No yortebrate 
features are yet developed. 

Soon the lively ciliated gastrula elongates, the alimentury 
tube arises from the primitive gastrula-cayity, while the edges 
of the flattened side of the body grow up as ridges which 
afterwards, as in all vertebrate embryos, grow over and en- 
close the spinal cord. When the germ is twenty-four hours 
old it assumes the form of « ciliated flattened cylinder, and 
now resembles an Ascidian embryo (Fig. 138, B), there 
being a nerve-cavity, with an external opening, which after- 
wards closes. The notochord appears at this time. 

In the next stage observed the adult characters had ap- 
peared, the month is formed, the first pair of gill-openings 
are seen, eleven additional pairs appearing. It thus appears 
that while the lanvelet atone time in its life presents Ascidian 
features, yet as Balfour states ‘all the modes of develop- 
ment found in the higher Vertebrates are to be looked upon 
4s modifications of that of Amphioxus.” 


A second form of this group, from Moreton Bay, North- 
erm Australia, has been described by Peters under the name 
of Epigonichthys oultellus. It differs from Amphioxas in 
the presence of a high dorsal fin, in the want of a distinct 
caudal and anal fin, with some differences in the structure 
of the mouth and oral tentacles. It is from thirteen to 
twenty-three millimetres in length. 


Ctass L.—LEPTOCARDIH, 


Comprising the lowest Vertebrate known ; toiy lancet-shaped, with no 
wkelelon ; notochord persistent, no brain ; no cranium ; no paired fina; 
Dood colorless ; a metamorphosis ; guatrula ciliated, Sreemnimming. 

A single order (Pharyngobrunchi), family (Amphioxini), and genus 
(Amphioxes), each with the charactors of the clase, 

Laboratory Work.—The atractare of the Iancelet ean only be impor 
fectly made out by « triplet lens and higher powers ; but by sections 
@uined with carmino the anatomy can be well stadied. Brooks has 
fount the young in the later free-swimming stages on the sarfee of 
Ue ocean near Fortress Monroe, 
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Crass I. Marsrroprancntt (Lampreys, or Cyclostomi). 


General Characters of the Cyclostomatous Vortebrates. 
—In the hag-fish and lamprey, representatives of the jaw- 
less Vertebrates, the body is long and slender, cylindrical, 
the skin smooth, scaleless, with only a median dorsal and 
ventral fin (or in Myxine only « small lower median fin) ; 
the mouth is circular, and in the lampreys armed with no- 
merous conical teeth. There is no bony skeleton; the 
spinal column is represented simply by a thick rod (dorsal 
cord, notochord) surrounded by a sheath. ‘Tho skull is car- 
tilaginous, not movable on the vertebral column; is very 
imperfectly developed, having no jaws, the hyo-mandibu- 
lar bones and the hyoid arch existing in « very rudimentary 
state. The few tecth present in the hag-fish are confined to 
the palate and tongue; those of the lamprey are numerous, 
conical and developed on the cartilages supporting the lips. 

‘The nervous system is much as in the fishes, the brain 
with its olfactory, cerebral lobes, thalami, optic lobes, and 
medulla being developed, the cerebellum in Myxine blended 
with, in the lamprey free from the medulla. The digestive 
canal is straight, with no genuine stomach, but the liver is 
much as in higher Vertebrates. The respiratory organs are 
very peculiar, being purse-like cavities (whence the name 
Marsipobranchii), in tho Jamproy being seven in number on 
each side of the pharynx, opening externally by amall apor- 
tures ; internally they connect with a long cavity lying under 
the esophagus, and opening anteriorly info the mouth. The 
heart is like that of fishes, as are the kidneys. The yes 
are minute, sunken in the head and under the skin in the 
hag (Myzxine), but larger in the lamprey. 

Another extraordinary feature in the class is the single 
unsal sperture, as opposed to the two occurring in all 
higher Vertebrates. The aperture leads to a sac, which 
in the Myxrine communicates with the mouth (pharynx), but 
in the lamprey forms a cul-de-sac. 

‘The ovaries and male glands (the sexes being distinct) are 
tinpaired plates suspended from the back-bone, and have no 
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ducts, the eggs breaking through the walls of the ovary, fall- 
ing into the abdominal cavity and passing out of the abdom- 
inal pore. The eggs of Myzine are very large in proportion 
to the fish, enclosed in a horny shell, with a filament at each 
end by which it may adhere to objects. 

‘The hag-fish is about afoot long and an inch thick, with 
the head small, a median palatine tooth, and two comb-like 
rows of teeth on the tongue. There is a single gill-oponing 
4 long ways behind the head; there are large mucous or 
slime-glands on the side of the body, for these fishes are 
very slimy. The hag lives at considerable depths in the sea ; 
we haye dredged one at 114 fathome in oft deop mud off 
Cape Ann. It is often parasitic, attaching itself to the bod- 
ies of fish, and has been found to have made its way into the 
body-cavity of sturgeons and haddock. 

‘The lamprey lives both in fresh and salt water. The eggs 
of the common lamprey, Pefromyzon marinus (Linn,), ard 
laid in carly spring, the fish following the shad up the rivers, 
and spawning in fresh water, seeking the sea in autumn; 
small individuals, from five to seven inches long, have been 
seen by Dr. Abbott attached to the bellies of shad, sucking 
the eggs out of the oviducts. 

The lamprey when six inches long is quite unlike the adult, 
being blind, the eyes being concealed by the skin ; it is tooth- 
less, and has other peculiarities, It is so strangely unlike the 
adult that it was described as a different genus (Ammocates). 
P. nigricans Lesuour is smaller, and ocours in the lakes of 
New York and eastward, while P. niger Rafinesqao is still 
smaller, and lives in the Western States. 


Cuass 1, MARSIPOBRANCHT, 
Wormtlike Vertebrates, without paired fina ; notochord persistent } a 
winglo nasal sae, xix or ton pairs of prurse-tike gill-aaca, no jas-bonen, 
Order 1, Hyperotetra,—Nasal duct leading Into the mouth, (Myxine,) 


Onter 2. Hypéroartia,.—Narl duct a blind sxe, not eonnecting with 
the moath. (Petromyzor,) 
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Laboratory Work.—The anatomy of thoee aniueals is exceedingly in- 

} the respiratory sacs and nasal duct can be exposed by a lon- 
gitudinal section of the head ; the relations of the notochord can be 
best seon by transverse pections ; the heart and vessels ahould be in- 
jected. Preparations of the brain should be made, and with care the 


ekaoll prepared. 


Oxass IE, Pisces (Sharks, Rays, Sturgeons, Garpikes, and 
bony fishes). 


General Characters of Fishes.—We now come to Verte- 
brates which have genuine jaw-bones and paired fins, and 
which, in short, are affiliated to the Batrachians, and through 
them with the reptiles, birds, and mammala. All the fishes 
agree in haying a true skull, to which is attached a movable 
lower jaw. ‘The brain is well developed, with its lobes for 
the most part, at least, equivalent to or homologous with 
those of the reptiles, birds, and mammals, though the core- 
bral hemispheres are small, and in most fishes of nearly the 
same size as the optic lobes ; the cerebellum is also generally 


Dornat jin. 


Anat. Ventral. —_Peetowat. 
Fig. 288.—The Mad-Minnow, 


of moderate size, The head forma part of the trnnk, there 
boing no neck (except in the Mippocampide), and the body 
is usoally compressed and adapted in shape for rapid motion 
in the water. 

Paired fins are always primitivaly developed, though the 
posterior or ventral fins, at least, are in many cases wanting 
through the atrophy of parts developed in embryonic life, 
‘The pectoral and ventral fins (Fig. 388), which represent the 
fore and hind logs of higher Vertebrates, aro attached to the 
hody or trank by a choulder and pelvic girdle. The shoulder 
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gindle is either lyre-shaped or forked, like a bird's wish-bone, 
curved forward, and with each side connected below; the 
fishes in this respect differing from the Batrachians (Gill). 
The shoulder girdle is usually closely connected by a series 
of intervening bones with the skull, and makes its first ap- 
pearance opposite the interval between the second and third 
vertebrie, 

‘The skull and skeleton may be either cartilaginous or bony, 
and the bones of the head and skeleton very numerous. In 
some sharks there are 365 vertebre ; in some bony fishes 200, 
while in the Plectognatai (fishes like the eun-fishes and Ba- 
listes) there may be no more than fifteen; thus in some 
fishes there may be about one thousand separate bones, No 
fishes haye a well-defined sternum or breast-bone, this bone 
appearing for the first time in the Batrachians. The verte- 
bre are almost always biconcave ; this is the simplest, most 
primitive form of vertebra: ; it forms « weak articulation, 
admitting, #3 Marsh states, of free, but limited motion. 

All fishes breathe by gills, which are supported generally 
on four or five cartilaginous or bony supports or arches. The 
gills are never purse-shaped, as in the lampreys, and are 
mostly sitaated within the head, in front of the scapular arch, 

‘The month is generally armed with teeth varying greatly 
in number and form, and in the bony fishes especially, not 
only the jaws, but any bony projections, such as the palatine, 
pterygoid and yomerine bones, as well as the tongue and pha- 
ryngeal bones may be armed with teeth, so that the food is 
retained in the mouth and more or less torn and erushed be- 
fore being swallowed. 

Fish have no salivary glands, The tongue moves only as 
@ part of the hyoid apparatus upon which it is attached. 
After being crushed and torn in the mouth the food passer 
through a short throat or ssophagus into the stomach, ‘The 
intestine is generally provided at the anterior end with 
several or numerous cecal appendages which are especially 
abondant in the cod. The gut is twisted oace or twice be- 
fore reaching the vent, but is usually mach shorter than in 
tho air-breathing Vertebrates, while the vent is placed much 
nearer the mouth than in the tailed Amphibians, thus sepa- 
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tating the trunk into a thoracic and caudal portion. To 
make up for the short intestine, its absorbing surface is 
greatly increased in all except the bony fishes by a peculiar 
fold called the ‘‘spiral valve.” The rectum always opens in 
front of the urinary and genital outlets; except when the 
latter communicates directly with the rectum, thus forming 
acloaca. All fishes have a well-developed liver, usually a gall- 
bladder, with several gall-ducts ; and in general a yellowish 


pancreas. 

‘The heart consists of a ventricle and auricle, the latter 
branchial with a venous sinus (*inns venosus) ; while to the 
yentricle is added an arterial bulb, which subdivides into five 
pairs of arteries, one for cach gill-arch. The Dipnoi ap- 
proach the Amphibians in the possession of a second auricle 
ig well as of gennine lungs, j.c., cellularair-sacs. The lungs 
are fundamentally comparable with tho air-bladder or swim- 
ming bladder, It is generally situated below the back-bone, 


and is developed originally as an offshoot of the assophagus, 


“pneumatic duct,” whieh, when persistent, opens into the 
esophagus. In the sharks it is either absent or exists in a 
rudimentary state. 

‘The kidneys are two voluminous, dark-red lobulated or- 
ans, lying close together next tothe back-bone, behind, #. ¢., 
above the air-bladder, and occupying nearly the whole length 
of the abdominal cavity. The efferent ducts (ureters) either 
pass along in front of or by the side of the kidney, and some- 
times unite to form a single sac, the outlet of which is situ- 
ated either behind or below the generative orifice. It has 
been found that the minute structure of tho kidnoys of em- 
bryo sharks resembles somewhat the segmental organs of 
worms, the original kidney being composed of bundles of 
ciliated funnels, like those of worms, combined, however, 
with Malpighian bodies and renal lobules which do not exist 
in worms, while all these parts haye a common duct, tho 
ureter, which also does not exist in worms, being character- 
istic of Vertebrates. 

In the fishes the sexes aro, with a very fow exceptions, dis- 
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tinct. The ovaries are lango bodies, either discharging the 
eggs directly, as in the eel, salmon, and trout, inte the body~ 
cayity, thence passing along a fold of the peritoneum ont of 
4 minute opening situated directly behind the vent, or, a8 in 
most bony fishes, there is a duct leading from each ovary to 
the common outlet. In the sharks and skates (Elasmo- 
branchs) the ovary is single, and the oviducts unite behind 
to serve as 4 uteras in such sharks as are viviparous ; or the 
same parts secrete a hell in the egg-laying sharks (Sey/lium) 
and skates. 

The reproductive glands of most fishes are, except in the 
breeding season, so much alike, that it is dificult to distin~ 
guish them except by a microscopic examination. In the 
breeding season the ovaries of the cod, perch, and emelt are 
very large and yellowish, while the testes are small and white. 
Fishes, like some Amphibians and many invertebrates, may 
be able to perform the reproductive functions before they are 
fully mature ; in fact, some fishes continue to grow as long 
as they live. 

The fishes are not a homogencous or “closed,” fa, woll- 
circumscribed, type, as the birds and mammals, for the form 
of the body is liable to great variation, the differences be- 
tween the subdivisions or orders, families and genera being 
much greater than in birds and mammals, 

‘The class is divided into three subclassos, viz, : the Blaa- 
mobranchii (sharks and rays), the Ganoidea (sturgeons, gur- 
pikes, ete.), and the Téleostei, or bony fishes. ‘Tho classifi- 
cation we adopt is that of Professor Gill. 

Subclass 1. Elasmobranchii (Se/achians, or Sharks and 
Rays).—These are the most generalized ag well as among the 
oldest of all fishes. In some respects they stand above the bony 
fishes, with come features anticipating the Amphibians, while 
in their cartilaginous skeleton, their numerous gill-openings, 
und their general appearance they are scarcely higher than the 
embryos of the bony fishes. It would seem as if a shark were 
an embryo fish, which had been hurried by nature into exist- 
ence with some parts more perfect than others, in order to 
serve in the Upper Silurian and Devonian times as destructive 
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agents to the types of invertebrate life which then became 
extinct, partly throngh their means. These and ganoid fishes 
having thus accomplished their work were replaced in the 
Tater ages by more highly elaborated and specialized forms, 
4.¢, the bony fishes. Sharks and skates are engines of de- 
struction, having been since their early appearance in the 
Upper Silurian age the terror of the seas. ‘heir entire 
structure is such as to enable them to seize, crush, tear, and 
rapidly digest large invertebrates, and the larger marine 
members of their own class. Hence their own forms are 
gigantic, soft, not protected by scales or armor, as they havo 
in the adult form few enemies. Hence they do not need a 
high degree of intelligence, nor special means of defence or 
protection, though from their activity the circulatory system 
is highly developed. 

In the general form the sharks are long and somewhat cylin- 
drical, with the head rather lange, often pointed, sometimes, 
in in the hammer-headed shark, extraordinarily broad, with a 
capacious mouth, situated in the under-side of the head. 
The body tapers behind, and the caudal portion is unequally 
lobed, the upper lobe being much longer than the lower, 
upturned and supported by a continuation of the vertebral 
column, while the tail-fins of bony fishes aro equally lobed 
and consequently called Aomocercal; those of sharks are 
unequally lobed, and are therefore said to be heterocercal. In 
this respoct they resemble an early stage in the development 
of bony fishes, such us the tront or herring. Sharks, like 
bony fishes, have two pectoral and generally two ventral 
fing ; these two pairs of fins corresponding to or homologous 
with the limbs of air-breathing Vertebrates, and besides this 
there is one or usually two dorsal fins, and an anal fin, the 
latter situated behind the vent. 

‘The skin is cither smooth or covered with minute placoid 
seales (see Fig. 385); the integument of such species as 
are provided with these fino scales forming shagreon. While 
the spinal column is in the sharks usually cartilaginous, and 
easily cnt with a knife, there are different grades of devel- 
opment from certain forms, a3 the Chimera, to a well-marked 
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colutnn or eeries of biconcave vertebra, with the cartilage in 
part replaced by bone, forming radiating loaves or plates; 
while in the rays or skates the anterior part of the colamn 
is bony. 

‘The ribs are small, sometimes rudimentary. The skull is 
rudimentary, without membrane-bones, embryonic in char- 
acter, forming a simple cartilaginous brain-box, without pre- 
maxillary or maxillary bones, the constitution of the jaws be- 
ing quite unlike that of the bony fishes, the jaws being formed 
of clements, #, ¢., “cartilaginons representatives of the pri- 
mary palatoquadrate arch and of Meckel’s cartilage.” (Hux: 


opereular bones such as cover the gill-open- 
ings in bony fishes, their place being taken by cartilaginous 
filaments. 

‘The mouth is armed in most sharks with numerons sharp, 
flattened, conical teeth, arranged in transverse rows and 
pointing backwards; they are never fixed in sockets, but 
imbedded in the mucous membrane of the upper and under 
jaws. In the Heterodontid, represented by Cestracton or 
Port Jackson shark, the teeth are much blunter than in 
other living sharks, the middle and hinder tooth having 
broad, flattened crowns, forming a pavement of rounded 
teeth. The Devonian sharks were in most cases like the 
Cestracion in this respect. In the Carboniferous age, sharks 
with teeth more like those of modern forms came into ex- 
istence ; and they must have been of a more active natur, 
the sharp teeth directed backward indicating the rapacity of 
these monsters, which darting after and seizing their prey 
wore enabled to retain it by the backward-pointed teeth ; 
while the more sluggish Devonian Cestracions kept near the 
bottom and devoured tho shelled mollusks, ete,, possibly Or- 
thoceratites, Nautili, and 'Trilobites, which became nearly 
extinct about the time the typo of pavement-toothed sharks 
culminated, 

‘The tooth of the skates or rays have obtuse points. In 
Myliobatis the tooth are flattened and united to form a solid 
pavement, so that the mouths of these large rays are fare 
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nished with an upper and nether millstone for crushing and 
comminuting the thick, solid shells of mollusks. Tho mouth 
in both sharks and rays is always situated on the underside 
of the head, all being ground-feeders, Such sharks aa rise 
to tho surface for food seize it by tarning over before closing 
their jaws on the Inckless victim. 

‘The throat or osophagus is wide ; the stomach a capacious 
sac, und tho intestine short, separated from the stomach by 
a pyloric valve. The spiral valve of the intestine is a fold 
projecting into the cavity of the gut, the fixed edge forming 
a line around the inner wall of the intestine. 

heart consists of a ventricle and auricle, with an 
aortic bulb which pulsates as regularly as the heart ; and the 
blood must be sent forward with great force, as the very mus- 
cular bulb is provided within with three rows of semi-lunar 
valves. 

‘The gills are pouch-like, generally five, rarely six or soven, 
in number, the external openings or gill-slits being usually 
of moderate size, but sometimes long and large, as in the 
basking shark. While the clefts open on the side of the 
neck in sharks, in the skates they are placed beneath the neck, 

A spiracle or opening loads, in some sharks, from the up- 
per side of the head into the mo According to Wyman 
this is the remnant of the first visceral cleft of the embryo. 

In the brain the optic thalami are separate from the optic 
Jobes, the olfactory lobes being large and long in the skates 
and some sharks. ‘The medulla forms the larger part of the 
brain. The optic nerves unite, asin higher Vertebrates, form- 
ing a common stem or chiasma, before diverging to the eyes, 

The eyes of some sharks have a third lid or nictitating 
membrane analogous to that of birds. The ear, except in 
Chimera, bos the labyrinth completely surrounded by carti- 

. There are two testes, and usually two ovaries, but in 
the dog-fishes and the nictitating sharks there is but a single 
ovary. Tho oviducts are true ‘« Fallopian tabea,” expanding 
posteriorly into uterine chambers, which unite and open 
into the cloaca, (Huxley.) 

The charks and skates are not prolitic; having but few 
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enemies they do not lose much ground in the struggle for 
life. The oviparous forms such as certain sharks, skates, 
and Chimara, lay large eggs enclosed in tough, leathery, 
parse-shaped cases. The other Elasmobranchiates are vivip- 
srons, bringing forth their young alive. In Mustelus and 
Carcharias a rudimentary “placenta” analogous to that of 
Mammals is developed from the yolk. The following ac- 
count of the development of the dog-fish (Mustelua), which 
is condensed from Balfour, may be found to be applicable to 
sharks in general : 

‘The blastoderm or germinal disk is a large round spot 
darker than the rest of the yolk, bordered by a dark line 
(really a shallow groove). Segmentation occurs much as de- 
scribed in the bony fishes, reptiles, and birds. The upper 
germ-layer (epiblast) arises much as in the bony fishes, the 
Batrachians and birds, while the two inner germ-layers are 
not clearly indicated until a considerably later stage, The 
segmentation-cavity is formed nearly as in the bony fiches. 
‘There is no invagination of the outer germ-layer to form the 
primitive digestive cavity, as in Amphioxus, the lamprey, 
sturgeons, and Batrachians, but the Selachians agree with 
tho bony fishos, the reptiles, and birds, in having the alimen- 
tary canal formed by an infolding of the innermost germ- 
layer, the digestive track remaining in communication with 
the yolk for the greater part of embryonic isa an 
umbilical canal. This mode of origin of the digesti 
ity, Balfour regards as secondary and adaptive, no by 
trula” (Hwokol) being formed as in Amphioxus, ote, The 
embryo now rises up as a distinct body from the blastoderm, 
Just oa in othor Vertebrates, and there isa medullary groove 
along tho middle line, and by the time has appeared the 
middle and inner germ-layers are clearly indicated, After 
this devolopment continues in much the same manner a8 in 
the ehiok, 

At this timo the embryo dog-fish externally resembles the 
touts the ehief difforonco is an internal one, the outer 

not boing divided into nervous and epidermal 


preted ww ty tho bony fishes, 
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‘The next external change is the division of the tail-end 
into two caudal lobes. The notochord arises as a rod-like 
thickening of the third germ-layer, from which it afterwards 
entirely separates, so that the germ, if cut transversely, 
would appear somewhat as in the embryo bird, 

‘The primitive vertebre next arise, and about this time the 
throat becomes a closed tube. ‘The head is now formed by 
a singular flattening-out of the germ, like a spatula, while 
the medullary groove is at first entirely absent. The brain 
then forms, with its three divisions, into a fore, middle, and 
hind brain. Soon about twenty primitive vertebra: arise, 
and by this time the embryo is very similar, in external 
form, to any other vertebrate embryo, and finally hatehes in 
the form of the adult. 

The skate was found by Wy to be at first long and 
narrow, the dorsal and anal fins extending to the end of the 
tail, as in the eel. rv it becomes shark-shaped, and 
finally assumes the skate form. ‘Thus skates pass through 
ashark-stage, and this uccords with the position in nature 
of skates, as es are, a6 hole, a more specialized as 

© sharks, Wyman found 
that Rive are i 
the most anteri 
which is the homold stachian tube and the 
lly clo#ed up, no trace re- 
others remain permanently open, 
are subdivided into two orders (re- 
orders, the Plagiostomi, represented 
rs, and the Holocephali, the type of 
which is Chime e 

Order 1. Plagiostomi.—In the sharks and skates the teeth 
are very numerons; the gill-slity are uncovered. ‘The rays 
or skates differ from the sharks in thoir broad, flat bodies, 
with the gill-slits opening below ; thé grat breadth of the 
body is dne to the enlargemont of the pectoral fins which 
are connected by cartilages to the skull; there is likewise no 
median articular facet upon the occipnt or hase of the 
skull, for the first vertebra. 

The most common of our Sclachians is the mackery) shark 


{ 
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Among the more uberrant sharks is the hammer-headed 
Sphyrna sygana (Linn.), which grows to the length of twelve 
feet, and is one of the most rapacious and formidable of the 
order. 

Of the rays and skates, the saw-fish approximates most 
to the sharks. Its snout is prolonged into u long, flat 
bony blade, armed on each side with 
large teeth.  Pristis antiquorum 
Latham (Fig. 390), the common saw- 
fish, inhabits the Mediterrar 
and the Gulf of Mexico ; it is vi 
vous (Caton.) Pristis Perrotelé 
in the Senegal River, while Carcharias 
gangeticus is found sixty leagues from 
the sea. 

‘The genuine skates or rays have the 
body broad and flat, rhomboidal (ow- 
ing to the great extension of the 
thick pectoral fins). Portions of the 
ventral fins in the males are so elon- 
gated and modified as to form intro- 
mittent and clasping organs. They 
swim close to the bottom, feeding upon 
shell-fish, crabs, etc., crushing them 
with their powerful flattened teeth. 

The spiracle is especially developed in 

the rays, while, as observed by Gar- 

mau, in the majority of the sharks 

which swim in midwater or near the 

surface, the water onters the mouth 

and pusses freely out of the gill-open- 

ings, but in the raye, which remain at 

the bottom, the purer sea-water enters wenfrom boom, shawl s 
the spiracle from above to pass out of Bos perl, mid laters 
the gill-alits 

‘The smallest and most common skate of our northeast- 
ern Atlantic coast is Raja erinacea Mitchell. It is one half 
of « metre (twenty inches) in length, and the males are 
smaller than the females. The largest species is the barn- 
door skate, Raja levis Mitchell, which is over a metre (forty- 
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two inches) long. aja egianteria Lacepede (Fig. 391) 
ranges from Cape Cod to the Caribbean Sea, The smaller 
figures in Fig. 391 represent respectively the mouth and 
gill-slits, and the jaws of Myliobatis fremenvillii Lesucur. 

In the torpedo the body is somewhat oval and rounded. 

Fig. 392 represents Torpedo marmoratus, of the Mediter- 
minean Sea, 

Our native species, found mostly in winter, especially 
on the low sandy 
shores of Cape Cod, 
is Torpedo oeciden- 
talis Storer. Its bat- 
tories and nerves are 
substantially as in 
the European spe- 
cies, The electrical 
organs aré construct- 
ed on the principle 
of a Voltaic pile, 
consisting of two 
series or layers of 
hexagonal cella, the 
space between the 
numerous fine trang- 
verse plates in the 
cells filled with a 
trembling jelly-like 
mass, cach coll 
representing, 50 to 

Ee erties Mec speak, 9 Lepdaaiaes 
cells in each battery, each proyided with nerves sent off from 
the fifth and eighth pairs of nerves. The dorsal side of 
the apparatus is positively electrical, the ventral side nega- 
tively so. The electrical current passes from the dorsal to 
the ventral side. When the electrical ray is disturbed by the 
touch of any object, the impression is conveyed by the sen- 
sory neryes to the brain, exciting there an act of the will 
which is conveyed along the electric nerves to the batteries, 
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producing a shock. The bonumbing power is lost by fre- 
quent exercise, boing regained by rest; it is also increased 
by energetic circulation and respiration. As in muscular 


. the medulla; ¢, apinal cord ¢ 
ir of neryos ; ¢/,elecirle portion 


‘Vravehial chainbers ; 4, mucus-secreting tubes. —From Gervais and 


exertion the clectrical power is increased by the action of 
strychnine (Owen). 

Marey has more recently made interesting experiments on 
the torpedo, examining the dischargo of this fish with the 
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telophone. Slight excitations provoked a short croaking 
sound, Kuch of the small discharges was composed of a 
dozen fluxes and pulsations, lasting about one fifteenth of » 
second, ‘The sound got from a prolonged discharge, how- 
ever, continued three to four seconds, and consisted of a sort 
of groan, with tonality of about mi (165 vibrations), agree- 
ing pretty closely with the result of graphic experiments, + 

Maroy has also studied the resemblance of the electrical 
apparatus of the clectrical ray or torpedo and a muscle, 
Both are subject to will, provided with nerves of centrifugal 
action, have a very similar chemical composition, and re~ 
semble cach other in some points of structure, A muscle in 
contraction and in tetanus executes a number of successive 
small movements or shocks, and a like complexity has been 
proved by M. Marey in the discharge of the torpedo, 

‘The sting-rays (Zrygon) have no caudal fin, but the spinal 
column is greatly elongated, very slender, and armed with » 
long, erect spine or “‘sting.” Some live in fresh water; 
several species of sting-raya (Potamotrygon) inhabit the large 
rivers of Braxil and Surinam, as the Amazon, Tupajos, Ma- 
deira, and Araguay, digging holes in the and, in which they 
lio flat and await their prey. In this connection it may be 
waid that Raia fluviatitie of India has been taken near Ram- 
pur, nearly 1000 miles above tide-reach, 

Myliobatis has the tecth forming a solid plate or payement, 
The devil-fish (Cephalopterus diabolus Mitchell) of the coast 
of South Carolina and Florida is the largest of our rays, be- 
ing eighteen feet across from tip to tip of its pectoral fins, 
and ten feet in length, weighing several tons. It sometimes 
seizes the anchors of small vessels by means of the curved 
processes of its head and swims rapidly out to sea, carrying 
the craft along with it, 

Order 2. Holocephali.—This small but interesting group 
is represented by Chimera of the north Atlantic, and Cal- 
Jorhynchus of the antarctic seas. In these fishes the four 
gill-openings are covered by un opercular membrane ; thus 
approaching the true bony fishes, and there are but four teeth 
in the upper and two in the lower jaw. The brain of Chi- 
muore is said by Wilder to combine charactors of those of 
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Selachians, Ganoids, and Batrachians. Chimera plumbea 
Gill lives in deep water off the coast of New England. 

Subclass 2. Ganoidei (Garpikes, Lung - Fishes).—The 
term Ganoid was applied to these fishes from the form of 
the scales, which in most of the species are angular, square, 
or rhomboidal and covered with enamel, as seen in the com- 
mon garpike, In others, however, as in the Amia and Dip- 
noans, the scales are rounded or cycloid. These fish, i.¢., 
both the genuine Ganoids and Dipnoi, were the character- 
iatic fishes of the Devonian age, which has consequently been 
called the Age of Fishes, there being no bony fishes ( Zleos- 
tei) at that time. The forms were much larger than at 
present, far more numerous in species, genera, and famitios, 
and they, with the sharks, were the rulers of the sea. 

At the present day the type is nearly extinct, being repre- 
sented by such isolated forms as the sturgeon, the paddle- 
fish, the lung-fish (Dipnoi), the garpikes, and the American 
mud-fish (Amia). Like most of the palwozoic types of life, 
the Ganoids were both generalized forms and also combined 
the characters of classes of animals not then in existence ; in 
other words they were synthetic or comprehensive types. 
‘Thus in forms like Amia, the Teleostean fishes wero antici- 
pated ; in the Dipnoi, with their external gills and lungs, 
not only the Amphibians, but even the reptiles were indica- 
ted in their hearts with two auricles, just asthe Trilobites and 
Merostomata, as indicated by tho structure of the living 
king-crab, combined with the structure of Crustaceans, fea- 
tures which became in a degree reproduced in the terrestrial 
scorpions and spiders which subsequently appeared, Owing 
to this intermixture of ancient and modern characteristics, 
this reaching up und ont of the piscine type of life over into 
the amphibian and reptilian boundarice, the classification, 
i. ¢., actual position in nature of the Ganoids, becomes very 
difficalt, and the views of naturalists regarding their system- 
atic position are very discordant. If, as insisted on by Gill, 
we recognize the fact that the Ganoids are an older, more 
generalized, and therefore more elementary group, and the 
osseous fishes a newer, more highly specialized group, and 
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that there is « natural series of forms leading from the stur- 
geon, which is nearest the Elasmobranchs, up throngh the 
Dipnoans to the true Ganoids, and that the latter, throngh 
Amia, leads to the bony fishes, we shall haye a clue to the 
intricate relations existing between them and the other sub- 
classes of fishes, * 

‘The Ganoids of the present day are well nigh confined to 
fresh water, the sturgeons alone living in the sea as well as 
ascending rivers; though the Deyonian and carboniferous 
forms occur as marine fossils, 

In synthetic forms, like the Ganoids, it is dificult to find 
absolute characters separating them from the Elasmobranchs 
on the one hand and the Teleosts on the other. The ding- 
nostic characters are the following: the skeleton is either 
wholly cartilaginous, or partly or wholly bony; the skin is 
either smooth, or with cycloid, or usually with ganoid scales ; 
the gills are free ; the gill-opening is covered with an oper- 
cular bone ; the first fin-rays generally sharp ; the air-blad- 
der with a pneumatic duct; the embryos sometimes with ex- 
ternal gills, 

The spinal column is usually cartilaginous; in the Dip- 
noans, the sturgeons, the paddle-fish and allies, the notochord, 
with its sheath, is persistent ; while in Polypterus and Amia 
the spinal column is completely bony, the yertebre being 
amphicelous, i. ¢.,biconcave ; while in the garpike (Zepidos- 
tens) the vertebra are convex in front and concave behind. 
The cartilaginous skull is covered by broad, thin membrane- 
bones, a3 seen in the sturgeon, ‘The tail is heterocercal, the 
lobes being, in Amin, nearly equal. 

The brain is az in the bony fishes, but the optic nerves 
unite ina chiasma, The heart and aortic bulb are as in the 
Elasmobranchs, and all but Lepidostens have a well-devel- 
oped spiral valve in the intestine, the valve being radimentary 


* Although strongly inctined to regard the Dipnoans from thelr am- 
phibian and reptilian characters as types of a vubclass, Dipnai, yet in 
deference to the principles stated by Gill, whiek we hed previously fol~ 
lowed indopendeatty in the classification of the neocaridan and palmo~ 
enridan Crastacea, we here adopt the classification of Prof. Gill. 
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in the garpikes. The oviducts communicate with the ure- 
ters as in the sharks and amphibians, ‘The different modifi- 
cations of Ganoid stracture may be observed in the examples 
of the different orders. 

Many of the Ganoids of the Upper Silurian and Devonian 
rocks belonged to the groups Cephclaspide and Placoder- 
mata, In the Cophulaspids, represented by the singular 
Cophalaspis Lyeliii of Agassiz, the broad head was covered 
by a single semi-circular plate, with large orbits above, the 
mouth being below. ‘The pectoral fins were rayless folds of 
the skin ; the body behind the head was covered with rhom- 
boidal scales, and provided with adorsal fin. The Pleraspis 
had a head-shield composed of seven pieces. Among the 
Placoderms, Pterichthys had a plated head half as Jong as 
the body, the tail short and sealed. ‘These fishes, the earliest 
known Vertebrates, were bottom-feeders. Nothing is known 
as to the nature of their jaws or tecth. 

Order 1. Chondroganoidei.—In these Ganoids the dorsal 
chord is not ossified ; the skull is cartilaginous, covered with 
membrane-bones ; they are either toothless or with small 
teeth. The skin is naked as in the paddle-fish, or protected 
as in the sturgeons with very large, bony, solid plates. The 
stargeons have the snout long and pointed, with the mouth 
underneath, and toothless. Acipenser sfnrio Linn. is the 
common séa-stargeon of our coast, ascending rivers, The 
shovel-nosed sturgeon, Scaphirhynchops platyrhynchus has a 
spade-like snout. It inhabits the waters of the Mississippi 
Valley. Salensky has studied the embryology of the Russian 
sturgeon. The freshly-laid eggs are two millimetres in di- 
ameter, the yolk undergoes nearly total segmentation, thus 
connecting most Vertebrates in which the eggs only partially 
segment, with the Amphioxus, lampreys, and amphibia, in 
which segmentation is total. The skeleton is developed 
much as in the Elasmobranchs. The sheath of the noto- 
chord develops in three weeks after hatching. At the 
end of tho third weck the upper and lower vertebral arches 
appear, arising as in other fishes. The skull is indicated in 
two or three weeks after hatching. 





‘Tho singular spoon-bill, Polyodon falivm Lacepede, is five 
feet long ; it is smooth-skinned und has a snout one-third as 
long as the body, and spatnlate, with thin edges. It has a 
very wide month with minute teeth, and lives on small 
Crustacea. It abounds in the Mississippi, and its larger 
tributaries. 

Order 2. Dipnoi.—The lung fishes are s0 called from the 
fact that often being in pools and streams liable to dry ap, 
they breathe air directly, having true Iungs, like those of 
Amphibians, as well as gills. From the nature of theirlungs 
and heart, the Dipnoans are quite different from all other 
fishes, anticipating in nature the coming of Amphibians, 
while on the other hand the notochord and sheath is persist- 
ent, and as they were characteristic and more numerous in 
Devonian times, they may be said to be a prematurative 


type. 

The body of the Dipnoans is somewhat cel-shaped, thongh 
not very long in proportion to its thickness, and is covered 
with eycloid scales, ‘The pectoral and ventral fins are long, 
narrow, and pointed, and there is a long caudal fin which is 
protocercal, a torm proposed by Wyman to designate the form 
of the caudal fin of embryo sharks. In fact, the tail of the 
young garpike, as of embryo Teleosts or bony fishes, is 
first protocercal, afterwards being heterocereal in 
Ganoids, such as the garpike, and in the embryo and 
early free stage of most bony fishes; the tail in the latter 
becoming finally homocercal or equal-lobed. ‘Thus the 
tail of the Dipnoans may be said to be embryonic, ie, 
protocercal, 

‘The spinal column is represented by a simple notochord and 
sheath ; within the latter the basal ends of the bony neural 
arches and ribs, and near the tail the lower (hemal) arches 
are imbedded. The skull is cartilaginous. The extremity of 
the lower jaws supports large tooth-like plates ( dentary plates) 
which shut in between the few palatine teeth ; in Cerafodus 
these plates are single, and in all Dipnoans theee single den- 

tary plates are very characteristic of the group. The narrow 
ott oan ventral fins are supported by a single, median, 
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many-jointed cartilaginous rod, to which is attached fine fin- 
rays, sapporting the thin edge of the fin. 

The spiral valve and clouca are present in the intestinal 
tract. In Polypterns the cerebral hemispheres are larger 
thun the olfactory lobes, and there 1s an optic chiasma; the 
heart has besides the right large auricle, a left smaller one 
which receives the blood from the lungs, and a single ven- 
tricle, as in Amphibians and most reptiles; they have true 
nostrils, The lungs ave like those of Amphibians, and in 
addition they possess both 
internal and external gills 
(ig. 393), tho latter nearly 
aborted in the adult. 

Tho genus Ceralodus was = 
originally named by Agassiz, Me Mia tp akonct ae 
from teeth found in Jurassic 
and Triassic strata in Europe. Living specimens were found 
by Mr. Krefft in Queensland, Australia, and called Ceratodus 
Fosteri Krofft (Fig. 394), This fish is rather more clemen- 
tary in form than Lepidosiren, the body being stouter, and 
the large scales of the body, with the fin-like paddles and 
distinctly rayed vertical fina, cause it to resemble more closely 
ordinary bony fishes than Lepidosiren (Ginther). Moreover 


| hon At tall tn nature ends in 
Sites cae ese ce = 


the lung is single, and not used so much as the two perfect 
lungs of Lepidosiren. It attains « length of six feet. It 
cun breathe by either gills or lungs alone, When, Gonther 
thinks, the fish is compelled to live during droughts in thick 
muddy water charged with gases which are the product of 
decomposing orgunic matter, it is obliged to use its Jungs. 
The gills are more like those of ordinary bony fishes than 
those of Lepidosiren. It lives on the dead leaves of aquatic 
grasses, otc, Tho local English name is ‘‘flat-head,” the 
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native name being “barramandi,” Nothing is known of its 
breeding habits or mode of development. The eggs when 
ready to be laid are 2.5 millimetres in diameter. The lower 
part of the oviduct is much asin Menopoma. Fossil teeth 
of Ceratodus occur in the Jurassic beds of Wyoming, and two 
species have been found in still older beds in Illinois, regarded 
by Cope us cither Upper Carboniferous or Permian. Thus, 


Fig. 395.—Protopterus anpectens, a Lang fish of Atrios. One third mattiral shec, 


as remarked by Ganther, we have in Cerafodus a gonus 
which has survived from the Triassic period. 

‘The Inng-fish are distinguished by two well-formed lungs, 
and the narrow ribbon-like fins. In Lepidosiren paradoxa 
Fitzinger, there are five gill-arches, with four slits, and the 
body is rather longer, more eel-like, with a blunter snout 
than in Profopterus. Tt grows to one metre in length, and 


Fig. 200.—Skeloton of Prodopterus annectent, showing the protocereal tall end the 
simple rod-like limbs, the pelvic and shoulder girdles. and the nature of the jaws. 
atochord + p, bones representing (he bemal arches attached to the nutockoedal 

3 As, bemal spines ; in, &, rays of the candal Ou.—After Owen, 


inhabits the rivers of Brazil. This is represented in Africa 
by the closely allied Protopterus annectens Owen (Figs. 395 
und 396 skeleton), which has six gill-arches, with three 
pairs of external gills in the young. It is 40-70 centimetres 
in length. It lives on leaves in the White Nile, Quilimani, 
Niger, Gambia, and their tributaries. It buries itself in the 
mnd a foot deep. Gtnther states that numerous examples 
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of Lepidosiren “have been kept in captivity, but none have 
shown a tendency to leave the water.” 
The modern Dipnoi represent the Devonian fishes Holop- 
tychins, Dipterus, and Phaneropleuron, By 
and the American Dinichthys Torrelli 
of the Devonian rocks of Ohio, which 
is said by Newborry to have been about 
five metres (from fifteen to eighteen 
fect) in length, and a metre in thickness, 
being inferior only in size to the Astero- 
lapis, » Placoderm of the old red sand- 
stone of Great Britain. 
Order 3. Branchioganoidei.—Here be- 
longs the Polypterus of the Nile and 
Senegal. In these Ganoids the tail is 
either protocereal or heterocercal; tho 
scales are cycloid or rhomboid. Tho 
dorsal fin is long, subdivided into divis- 
ions, each with a separate ray and spine. 
Polypterus bichir Geoffroy (Fig. 397) 
has a protocercal tail. The young has 
external gills (Fig. 393). It inhabits the 
river Nile, P. senegalus the Senegal. 
Calamoichthys differs in haying no ven- 
tral fins and in its elongated form. It 
inhabits the rivers of Old Calabar. Al- 
lied to these living forms are the De- 
yonian Osteolepis, Calacanthus, and Ho- 
loptychius. 
Order 4. Hyoganoidei.—This group is 
represented by the garpike and Amia or 
mud-fish of the United States, which 
is an annectant form connecting the 
Ganoids with the Teleosts. In these 
fishes the spinal column is bony, the center Cater. 
tail partially heterocercal. 
In Lepidosteus (Fig. 398, L. ossens Agassiz) the body is 
Tong, the jaws long and armed with sharp toeth, the vertebrs 
are opisthocelons, and the scales are large and rhomboidal, 
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while the air-bladder is cellular, Iung-like. Fossil species oc- 
cur with those of Amia in the tertiary rocks of the West. 
Lepidosteus oxsous Agassiz, the bony gar, with o long, slender 
snout, is sometimes five feet long; L. platystomus Rafin. 
has a short nose, while the alligator gar, Z. spatula Lacé- 
pede, has a short and wide snout, and grows to a larger size 
(nearly three metres) than the other species, and inhabits 
the Mississippi Valley. The garpikes are carnivorous, very 
rapacious, and are said to destroy large numbers of food~ 
fishes. They usually remain near the surface of the water, 
emitting bubbles of air and apparently taking in a fresh 
anpply. Wilder has observed Amia inhaling air, and re- 
marks that “‘so far as the experiments go, it seems probable 
that, with both Amia and Lepidosteus, there occurs an inha- 
lation as well as exhalation of air at pretty regular intervals, 
the whole process resembling that of the Menobranchus and 
other salamanders, and the tadpoles, which, as the gills 


Mig. 9R—Garplkee, From Tenney's Zoology. 


shrink and the lungs increase, come more frequently to the 
surface for air.” Both of these fishes are very tenacious of 
life and withstand removal from water much better than 
bony fishes and sturgeons, on account of the lung-like nature 
of their air-bladder. Wilder shows that there is a series of 
forms, mostly Ganoids, from the Amia and Lepidosteus in 
which the pneumatic duct enters the throat on the dorsal 
side, up to Zepidosiren in which it enters the throat on the 
ventral side, like the air-tabe or trachea of Amphibians and 
higher Vertebrates. 

The breeding habits and external changes in form of the 
garpikes have been described by Mr. A. Agassiz. The gars, 
which are nocturnal in their habits, appear on the shores of 
Lake Ontario at Ogdensburg in immense numbers between 
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the middle of May and the 8th of June, remaining at other 
times of the year in deep water. 

The young begin to hatch about the end of May. At 
first the embryo gar possesses an unusually large yolk-sac, 
while the notochord is very large; otherwise posteriorly it 
resembles the young of bony fishes. It differs, however, in 
its large mouth, which is surmounted with a hoof-shaped 
depression edged with a row of projecting suckers, by which 
it attaches itself, hanging immovable, to stones; the eye and 
brain is smaller than in bony fishes. ‘The tail is at first 
protocercal, beginning on the second day to become hetero- 
cereal. On the third day the gill-covers form 
flaps, and the first traces of the pectoral fins appear, while 
the snout becomes longer. By the fifth day the traces of 
the dorsal, caudal, and anal fins appear. When a little over 
three weeks old it assumes a more fish-like form ; the suck- 
ing disk has nearly disappeared, the lower jaw greatly longth- 
ened, and the gill-covers extend to the base of the pectoral 
fins. When between two and three weeks old the young 
gar-fish is 20 millimetres (finch) long. The young rise to the 
surface to swallow air, as in the adult. Soon after this it is 
of the form first discovored and figured by Wilder, The 
gar-fish, according to Agussiz, bears some resemblance to 
the sturgeon in certain stages of growth, and in the forma- 
tion of the pectoral fins from a lateral fold, as well as by the 
mode of growth of the gill-openings and the gill-arches, while 
it closely resembles the young of bony fishes in the develop- 
ment of the posterior part of the body, by the modo of origin 
of unpaired fins from the embryonic fin-fold, and by the 
mode of formution of the fin-rays, and of the ventral 
fins. 

The mud-fish, Amia calva Linn., is like an ordinary bony 
fish in form, with rounded scales; the caudal fin “masked 
heterocercal,” the snout is short and rounded, and the air- 
bladder is large and cellular. It attains a length of two 
thirds of a metre, and occurs in the Mississippi Valley and 
as far cast as New York. A. fossil form closely allied to 
Amia dates back to the Cretaceous Age, and the genus 
Caturns isn Liassic and Oolitic genus. 
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Subclass 3. Teleostei (Bony fisies).—We now come to a 
type of fishes which, within very recent geological times as. 
well as during the present period, has become differentiated 
or broken up into thousands of species, corresponding to 
the complexity of their physical environment as compared 
with the simple features of the physical geography of De- 
yonian and Carboniferous land-masses. Like most of the 
larger groups of animals, as the Decapod Crustacea, and 
especially the insects, as well as the mollusks, the bony 
fishes have attained an astonishing amount of specialization, 
as if the tree of icthyic life, taking root in the Silurian Age, 
and sending out but a fow branches in later Pulmozoic times, 
had suddenly, in the Cretaceous and Tertiary Ages, thrown 
ont a multitude of fine branches snd twigs intertwining and 
spreading out in a way most baflling to the eystematist. 

‘The essential, diagnostic charucters of the bony fishes, i,¢., 
such as separate them from the Elasmobranchs and Ganoids, 
are a6 follows: The skeleton is bony, the vertebrw being sep- 
arate ; the outer elements of the scapular arch are simple, the 
inner elements for the most part bony and usnally three or 
two in number ; the pectoral fins are without any bone rep- 
resenting the humerus, and are connected with the 
arch by several (generally four) narrow bones (Gill), The 
optic nerves cross one another. ‘The gills are free, naually 
four on each side, and with several opercular bones, The 
heart is without a cone, but with an arterial bulb, and with 
but two valves at the origin of the aorta, The intestine is 
destitute of a spiral valve. 

‘The student should dissect a typical Toleost, such as a 
fresh-water or sea perch, with the aid of the following ac- 
count of its anatomy. ‘The drawing and account here given 
of the anatomy of the sea-perch have been prepared by Dr. 
©. Sedgwick Minot. The common sea-perch or cunner 
(Tantogolabrus adspersus Gill, Fig. 399) resembles the freshe 
water perch yery closely in its anatomy, the most note 
worthy difference being the absence of the emca at the 
pyloric end of the stomach in the marine species; with this 
exception the following description applies almost equally 
well to the fresh-water perch, so that this nceount will ba 
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“available for western students who have not access to speci- 
mens of the canner. 

The perch has the general form of a flattened spindle, for 
it tapers down at either end and is compressed laterally. 
There is no neck marked off externally, and the head ap- 
pears as the direct continuation of the body, but separated 
from it bya fissure on either side; this is the opening of 
the gills, which extends from above, downwards and curves 
forward, nearly mecting its fellow on the median line of the 
under jaw ; upon opening the gill-slit the pectinate or comb- 
like gills or branchia are seen within. There are four sets 
of branchial filaments, cach set’attached to a separate de- 
scending arch, in front of each of which isa slit leading into 
the cavity of the mouth ; bat there is no slit behind the 
Just gill. The branchis are protected externally by tho gill- 
cover or operculum, which is attached in front, but is free 
behind, where it forms the front edge of the gill-slit; it is 
composed of four distinct parts: 1. The preoperculum 
nearest the eye, and with its lowest corner almost a right 
angle ; its posterior and vertical edge is furnished with 
numerous minute projecting spines. 2. Appended to the 
underside of the margin thus armed is the operculum. 3. 
Below the prwoperculum is the interoperculum, which par- 
tially covers up 4, the snboperculum. Each of these parts 
has a separate bony sapport; all four bones are developed 
only in the Teloosts; in sturgeons, for example, there is 
only an operculum, to which in other Ganoids other parts 
are added; in Selachians the whole apparatus remains 
undeveloped. 

‘The mouth is placed in front ; the upper lip ix capable of 
independent motion, being supported by the premaxillary 
bones, which are but loosely attached to the cranium, though 
in many other fishes the union is closer. The eyes are large 
wnd lidless ; just in front of each eye is an opening of the 
size of a pin'’s head; these openings lead into the nasal sacs, 
of which there are two, but both are without communica- 
tion with the mouth ; in higher vertebrates, from the Dip- 
noi upwards and in Myzine, there ia such a communication. 
In the Marsipobranchii there is but a single median nasal aac, 
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‘The ear has no external opening, being completely encased * 
in bone. Nearly parallel with the line of the back extends 

a continsous row of yellow spots marking the lateral line 
(Fig. 399, ZL), along which are found the pore-like open- 
ings of the so-called muciparous glands, 

All fish have fins of two kinds—unpaired and paired ; the 
latter, four in number, correspond to the limbs of other Ver- 
tebrates. The unpaired fins are first developed on a contin- 
nous median flap of integument, which extends along the 
back, around the tail, and on the underside as far forward as 
the anus ; cartilaginous or bony rays are developed in it a3 4 
support. In the adult fish the fold is generally discontinu- 
ous, being usually separated into three distinct fins—dorsal, 
caudal, and anal; the dorsal fin is frequently, the anal fin 
sometimes subdivided. The fin-rays are (1) cither simple 
pointed rods, or (2) jointed and branching. All the rays of 
the cundal fin, and the posterior rays of the dorsal and anal 
fing, are branching. In some Malacopterygians all the rays 
are branching ; in many, however, the first ray is simple in 
the dorsal and anal fins, while fishes like the perch and enn- 
ner are distinguished by having several or many of the an- 
terior rays of the dorsal and anal fins simple and pointed. 
In the cunner half the rays of the dorsal and the first two of 
the anal fin are simple. 

The pectoral fins are attached to the side of the body and 
are large and rounded. The ventral fins lie further back 
near the median ventral line ; they are smaller than the pee~ 
torals. The position of the ventrals varies in different fish, 
and is much used in classification, The anus lies immedi- 
ately in front of the anal fin. 

Tho body is covered by scales, which overlap one another 
from before backward ; their free edges are rounded and 
smooth, hence they are called cycloid. These scales, as in 
all Teleosts, are ossifications of the underlying cutis, and are 
covered by the epidermis; they were formerly wrongly sup- 
posed to be epidermal structures. 

‘To dissect a perch the side-wall of the mouth must be re~ 
moved, then the gill-cover ; study the arrangement of the 
gills, Next make an incision along the median yentral ling 
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from the level of the pectoral fins to just beforo the anus, and 
following the upper edge of the body-cavity upward and for- 
ward cut away the body-wall, taking care not to injure the 
large swimming-bladder above, nor the heart in front, Now 
open the pericardial cavity, which lies ventrally immedi- 
ately behind the gills (see Fig. 399, H¢), Out away the mus- 
cular masses around the back of the head ; expose the cavity 
of the brain, and remove the loose cellular tissue around the 
nervous centres. If the gills of ono side are excised and the 
intestine drawn out, the dissection will appear very much as 
in Fig. 399. 

The cavity of the mouth widens rapidly and continues ag 
the branchial chamber or pharynx (@), whence we can pass 
probe outward through any of the gill-slits. There is a single 
row of sharp-pointed teeth in front on both the under and 
upper jaws; in the pharynx above and below there aro 
rounded teeth. At the side of the pharynx are the four gill- 
slits and the four arches ; the inner surface of the anterior 
three arches is smooth, while the arch behind the fourth slit 
is much modified in shape and is armed with tubercles 

* and teeth. The entrance of each slit is guarded in front 
and behind by « row of projecting tubercles appended to the 
arches. On the outside of each arch, except the fourth, is 
a double row of filaments, richly supplied with blood-vessels 
which, shining through, give a brilliant red color to the 
gills; on the fourth arch there is but a single row. At the 
upper and posterior gorner of the pharynx is the small open- 
ing of the short csophagus, The branchial chamber has an 
upward extension on the sides of which lie the pseudobran- 
chiw (Ps), accessory respiratory organs not connected with 
the gills proper, and receiving their blood-supply from distinct 
arteries, hore are no salivary glands. 

‘The esophagus dilates almost immediately to form the 
stomach (partly concealed in the figure by the liver, Li), 
which seems hardly more than a dilatation of the intestine 
(Jn). This last isof nearly uniform size throughout, and after 
making three or four coils terminates at the anus, immedi- 
ately in front of the urinary and genital apertures, When 
in situ, the terminal portion of the intestine or the rectum 
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extends straight along the median ventral line. The liver 
(Zi) forms an elongated light-brown mass resting upon the 
stomach. The elongated gall-bladder lies between tho 
liver and stomach, somewhat imbedded in the substance of 
the former. ‘There is no pancreas, though it is present in 
some fishes. The spleen (Sp) lies between the stomach and 
intestine, in the mesentery ; it is dark reddish-brown in 
color. 

‘The air-bladder (\S) is a single large sac, placed in the dor- 
sal part of the body-cavity. Its glistening walls are com- 
posed mainly of tough fibrous tissue, The pneumatic duct, 
by which the bladder communicates with the esophagus in 
many fishes, is wanting in the perch as in nearly all other 
Teleosts, The air-bladder normally contains only gases, Tt 
conceals most of the kidneys, which extend the whole length 
of the body-cavity on either side of the middle line, as two 
long strips of a deep though dull red. They project beyond 
the air-bladder in front (Xi) and behind (Av). Their an- 
terior ends are somewhat separated from one another by the 
intervening pharynx. The ureters open into a urinary 
bladder (4!) behind the anus. 

The ovary is single and varies greatly in size according to 
the season. In the male the sexual glands are double. Each 
testis (7) is an elongated, whitish, lobulated organ, placed im- 
mediately below the swimming-bladder, and continues pos- 
teriorly with the spermiduct, which opens immediately be- 
hind the anus, 

‘The heart (H?) lies in the triangular pericardial cavity ; it 
consists of two portions, the dark-colored venous chamber, 
or auricle, above, and the lighter-colored arterial chamber, or 
ventricle, below. ‘The auricle receives from above two 
veins, one from either side ; these veins are called the ducté 
Ouvieri. Each Cuvierian duct, a3 can be seen in the figure, 
ascends beside the @sophagus, and there receives a large jug= 
ular vein from in front, and a large cardinal vein from be- 
hind. Furthermore, a large vein, the sole representative of 
the wena cave of higher Vertebrates, passes from the liver, 
near its anterior end, throngh the pericardium, and 
into the Cuvierian ducts near their common auricular 
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The walls of the auricle are comparatively thin ; the auriculo- 
ventricular orifice is provided with valves, which provent 
the blood flowing back into the auricle. ‘The walls of the 
yontricle are thick and very muscular; from the upper end 
of the ventricle close to the base of the auricle springs the 
bulbus arteriosus, a muscular cylinder, which, running hori- 
zontally forward, passes out through the pericardium, and is 
continued as the less muscular sorta (A) underneath the 
branchial arches along the median line ; the aorta gives off 
branches on both sides, one to each arch to supply the bran- 
chiw ; the vessels after ramifying are gathered together, to 
again form a single trank, which passes backward immodi- 


UL 
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ately underneath the spinal column ; it i# called the descond- 
ing aorta. 

‘The body and pericardial cavities aro called serous, because 
their lining membranes are always moist with sorum, a watery 
fluid, very mach like blood-plasma. The lining of the body- 
cavity is named the peritoneum, and forms a continuons cov- 
ering around the viscera. It is important to observe that the 
various organs simply project into the body-cavity and do 
not lie really inside of it. In fishes wo find the disposition of 
the parts to correspond more closely with the fundamental 
type of Vertebrate structare than it does in higher forms, in 
which farther modifications have supervened. The pharynx 
still has its distinctive character; the pericardium lies at the 
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base of the neck, instead of in the thorax as in the higher Ver- 
tebratcs. The heart still preserves its primitive division ; on 
the other hand, the swimming-bladder is a special adaptation 
of the piscian type, while the frequent absence of the pan- 
creas is a peculiarity of fishes the meaning of which is not 
yet understood. 

The brain (2) does not ocenpy the whole of the cranial 
cayity, but is imbedded in a large accumulation of cellular 
tissue, In order to study the brain satisfactorily, it should 
be exposed from above, laying bare at the same time the optic 
nerves and muscles, The two olfactory lobes are followed 
by two lobes (/1), the cerebral hemispheres, and immediately 
behind them two larger lobes (Q), the corpora bi- or quadri- 
gemina (optic lobes, not optic thalami) ; farther back follows 
a single median lobe (6), the cerebellum, somewhat conical 
in shape and resting upon the meduila oblongata (Af), from 
which spring various nerves, and which, tapering backward, 
iscontinued as the spinal cord. In front appeur the very large 
and conspicuous optic nerves (Op), the right nerve passing 
obliquely to the left eye, the left nerve to the right eye 
ronning under the right nerve, but forming no chiasma; 
each optic nerve is a plaited membrane, folded somewhat 
like fan when shut up, an arrangement occurring only 
among fishes, In a side-view of the brain (Fig. 400, J), the 
mode of origin of the optic nerves and their origin from the 
optic lobes can be clearly seen ; it further shows the various 
forms of the lobes of the brain, and the large inferior lobes 
(Z) below the corpora quadrigemina ; these lobes are very 
remarkable and difficult to homologize. 

The eyes lie in two sockets, separated by an interorbital 
septum (Fig. 400, 8). The eyeball has the form of an ob- 
late spheroid, and is moved, as in all Vertebrates, by four 
recti and two obligui muscles. The recti spring from around 
the exit of the optic nerve from the brain-case, and thenee 
diverge to be inserted into different parts of the eyeball ; 
above is the rectus superior (Rs); towards the interorbital 
septum (S) rectus internus (Ri), opposed to the last is the 
rectus externus (Re), and below is the rectus inferior, nok 


shown in the figure. In Teleosts both oblique muscles, the 
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superior (Os) and inferior (Oi), arise from the front of the 
orbit near the interorbital septum. The disposition of the 


a3 


ces dhe ern a tho that wot represented -eBrawe ty: Me 
recti is very constant, but the obliqui vary considerably in 
their origin in different Vertebrates, 
If perch be cut through transversely, so that the section 
passes through the fore-part of the 
air-bladder, und the anterior portion 
then looked at from behind, a very 
instructive view will be obtained, as 
in Fig. 401, The best sections can be 
made by first freezing the fish. The 
vertebral column (¥) appears a little 
above the middle ; overlying it is the 
noural canal with the spinal cord ; im- 
mediately below it is the descending or 
dorsal aorta (Ao), on either side of 
which follow the kidneys (X), resting 
directly upon the air-bladder (Bd), 
Lowermost is the body-cavity, with 
the stomach (,%), and intestine (Jn), 2 Morieceee 
surrounded by the liver, which has 3f,4,Canner—Drvwn by 
been almost entirely removed. The 
rest of the section is occupied by muscles, which, it will thus 
be seen, make up the main bulk of the body. (Minot. 
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‘The so-called “* mucous canal” or lateral line of fishes and 
Amphibians is sensory. It consists of small masses of 
nerve-epithelium, arranged in linear series along the sides of 
the head and body, having hair-cells continuous with nerves. 
‘They are called “ nerve-buttons” or “ nerve-heaps.” Acoord- 
ing to Schultze, their office appeurs to be to appreciate mase~ 
movements of the water, and more particularly vibrations, 
which have longer periods than those appreciated by the ear 
(Dereum). In the blind-fish of the Mammoth Cave a row 
of sense-pepille is situated on the front of the head, sup- 
plied with nerve-fibres sent from the fifth pair of nerves 
(Wyman). 

The angler (Lophius piscatorins) has long been known to 
possess hinged teeth, capable of being beut inward toward 
the mouth, but by virtue of the elasticity of the hinge ut 
once resuming the upright position when pressure is removed 
from them. Anadleps and Pevilia have also moyable teeth. 
The hake, a voracious predatory fish, and in a less degree 
other Gadide, are possessed of hinged teeth. 

The nature of respiration is intimately connected with the 
production of sounds by fishes. Recent researches by Jobert 
on certain unusual modes of breathing in fishes are of special 
interest, Ho has examined certain fishes of the Amazons, 
i.e., species of Callichthys, Doras, Erithrinus, Hypostomua 
and Sudis gigas or “ pirarucu” of the natives, the latter being 
allied to tho herring, In the Callichthys the intestine is trans 
formed into a respiratory organ. When the water dries up 
it emigrates to other pools or streams, creeping by means 
of its pectoral fins, This fish can live twenty-four hours 
out of the water with impunity. 

In the gigantic piraracu, the swimming-bladder is a long 
sac, and the upper part does not look like that organ, being 
spongy, areolar, reddish-brown, friable, and intimately 
pressed to the dorsal and lateral walls of the body ; its color 
recalls that of the lungs of a bird, and functionally it re- 
sombles the latter, 

Among accessory breathing organs are the lamellate cavity 
of the Anabas, and the sac-like appendages which are in con- 
nection with the gill-cavity, and extend under the musclea 
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of the body of Amphipnous cuchia, Gymnarchus and Saceo- 
branchus singio. 

The noises produced by certain fishes are due primarily to 
the action of the pneumatic duct and swimming-bludder, 
while different kinds of noises are made accidentally or in- 
voluntarily by the lips or the pharyngeal or intormaxillary 
bones, as in the tench, carp and a large number of other 
fishes. Over fifty species of fish are known by Dufosse to 
produce sounds of some sort, and Abbot has increased the 
namber in this country. The swimming-bladders of Trigla 
and Zens have a diaphragm and muscles for opening and 
closing it, by which a murmuring sound is made. The 


loudest sounds are made by Pogonias chromis, the dram- 
fish. In some Cyprinina, Siluroids and eels the sound is 
made by forcing the air from the swimming-bladder into the 
esophagus, In the sea-horse (Hippocampus), the sounds 
are made by the vibrations of certain small voluntary 
muscles. 

Dr. 0. 0. Abbot has in this country discovered that themad 
sun-fish (Aeantharchus pomotis) utters a deep grunting sound; 
the gizzard shad (Dorosoma cepedianum, Pig. 402) mukes “an 
audible whirring sound ;” the chub-aucker or mullot (Zrimy- 
zon oblongui) ‘utters a single prolonged note accompanied 
by a discharge of air-bubbles ;” the cat-fish (Amiurus lynx) 
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produces ‘a gentle humming sound ;” cels utter a more dis- 
tinctly musical sound than any other of those observed by 
Abbot, who states that ‘‘it is a single note, frequently re- 
peated, and has a slightly metallic resonance,” It should 
also be noticed that the organs of hearing in many musical 
fishes are said to be unusually well developed, hence these 
sounds are probably love-notes ; and Abbot notices the fact 
that these fishes are dull-colored during the reprodnetive sea- 
son, as well as at other times, while voiceless fishes, such as 
the perch, common sun-fish, chub, roach, ete., are highly 
colored during the breeding season, and thus the sexes are 
mutually attracted in the one case by music, and in the other 
by bright colors. Finally the sounds of fishes may be said 
to be homologous with those of reptiles, birds and mammals, 
the nir-bladder being homologous with the lungs of the 
higher Vertebrates, while the pneumatic duct is comparable 
with the trachea of birds and mammals. 

In swimming, the propelling motion is mainly exerted 
the fail, the movements of which are somewhat like those of 
an our in senlling. ‘The spines of the tail-fin are movable, 
und are capable of being brought into such a position that 
the fin will meet with less resistance from the water while 
the tail is bent, then straightened, and it is when being 
straightened that the fish is propelled. ‘The movements of 
the pectorals and ventrals are to steady the fish and to ele- 
vate and depress it, while the dorsal and anal fins steady 
the body and keep it upright, like a dorsal and ventral keel. 

Among viviparons bony fishes are certain Cyprinodonta 
(as Anableps and Pacilia), the eel-like Zoarces, and the 
blind-fish of the Mammoth Cave. A small family of Cali- 
fornian marine fishes, in form resembling the sun-fish (Pomo~ 
tis) are called by Agassiz Embiotovida, from the fact that 
they bring forth their young alive. 2ymbiotoca Jaeksoni 
Agassiz, which is twenty-seven and a half centimetres (10 
inches) long, has been known to produce nineteen young, 
each about seven and a half centimetres (3 inches) long. 

During their reproductive season, many bony fishes, such 
as the stickleback, salmon, and pike, are more highly colored 
than at other times, the males being especially brilliant in 
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their hues, while other secondary sexual characters are devel- 
oped. The female deposits her ogg either in masses at the 
surface of the water, as the goose-fish, or at the bottom 
on gravel or sand as do most other fishes, the male passing 
over them and depositing his “ milt” or spermatic particles, 
‘Tho egg has a thin transparent shell, and the yolk is small, 
covered with a thick layer of the ‘ white.” 

‘The eggs after fertilization undergo partial segmentation, 
the primitive streak, notochord, nervous cord, und brain de- 
velop as in the chick, but that the embryo is to become a 
fish issoon determined by theabsence of an amnion and allan- 
tois, and by the fact that the germ lies free over the yolk 
like a band. 

In the pike the heart begins to beat about the seventh day, 
and by this time the alimentary canal is marked out. The 
primitive kidneys are developed ubove the liver. The air- 
bladder arises as an offshoot opposite the liver from the ali- 
mentary canal, and the gall-bladder is also originally a 
diverticulum of the intestine. The urinary bladder in the 
fish is supposed to be the homologue of the allantois of the 
higher Vertebrates. The principal external chan ge is the 
appearance of the usually large pectoral fins, 

‘Theembryo pike hatches in about twelve days after devel- 
opment begins, and swims about with the large yolk-bag 
attached, and it is some seven or cight days before the young 
fish takes food, living meanwhile on the yolk mass. The 
perch hatches in twelve days after the egg is fertilized, and 
swims about for eight or ten days before the yolk is absorbed. 
The gills gradually develop with the absorption of the yolk. 

‘The tail in most bony fishea ix at first protocercal, then 
becoming heterocercal as in the adult sharks, but subso- 
quently, after the fish has swam about for a while and in- 
creased in size, it becomes homocercal or symmetrical. The 
scales are the last to be developed. 

In the large size of the pectoral fing, the position of the 
mouth, which is situated far back under the head, the hetero- 
cercal tail, the cartilaginous skeleton and uncovered gill- 
slits, the embryo salmon, pike, porch, ete., manifest transi- 
tory characters which ure permanent in sharks. 
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The bony fishes date back to the Jurassic period, but did 
not become numerous until the Cretaceous and especially the 
Tertiary Period. The Green River beds of Wyoming abound 
in their remains, 

The Teleosts are divided into eight orders, in an ascending 
series as follows : Opisthomé, Apodes, Nematognathi, Seypho- 
phori, Teleocephali, Pedicudati, Lophobranchii and. Plectog- 
nathi. 

Order 1. Opisthomi.—The fishes of this group are char- 
acterized by the separation of the shoulder-girdle from the 
head, ‘The ventral fins are either abdominal or wanting, 
‘The typical genus is Volocenthus, in which the body is elon- 
gated, with u proboscis-like snout, 

Order 2. Apodes,—In this group, also, the scapular arch 


Pig. do —Common Eel, Anguilifir acutérostete. 


is free from the skull, while the maxillary bones are rudi- 
mentary. ‘The branchial apertures are unusually small, and. 
there are no yentral fins, while the body is very long, eylin- 
drical, snake-like. The order is represented among many 
other forms by the common eel (Anguilla), the conger-cel, 
and the Mura@na of the Mediterrancan Sea, The eo) 
(Conger oceanious Gill) ranges from Newfoundland to the 
West Indies, Gill, as well ag Ganther and others, regards a 
long transparent ribbon-like fish, described under the name 
of Leplocephalus a8 the young of the congor-eel. 

The common cel, Anguilia acutirostris (Fig. 403), occurs 
on both sides of the Atlantic, on the North American const 
aa far south as Cape Hatteras, and in inland rivers and lakes, 
The sexes do not differ externally, and internally only 
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as regards the form of the reproductive glands. The 
ovaries form two ribbon-like masses extending from the 
liver to just beyond the yent and attached by one edge 
to the walls of the body, with the free edge hanging 
downwards. When in spawn the ovary is very thick, 
white, and the eggs can be seen with the naked eye, 
being nearly one half millimetre in diameter. When ripe 
they break through the wall of the gland and drop into 
the body-cavity, there being no oviduct, and puss out of the 
genital opening situated directly behind the vent, The male 
glands occupy the same position as the ovaries of the female, 
but are smaller, narrower, and distinctly lobulated. Ont of 
about six hundred specimens of cela, only four males have 
yet been found in this country, These had testes like those 
described by Syrski in the Italian eel (4. vulgaris), while Pack- 
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Pig, 404—A Siluroid Fish, Ariwe. Young with tho yolk not absorbed. 


ard detected the mother cells, and Mr. Kingsley observed moy- 
ing active spermatozoa. It is probable that the eel descends 
rivers in October and November, spawning in the autumn and 
early winter at the mouth of rivers, and in hagbora and es 
tuaries in shallow water. By the ond of the spring the 
young ecls are two or three inches long, and then ascend 
rivers and streams, They grow about an inch a month, and 
the fomales do not spawn at least; before the socond year, 4. ¢., 
when about twenty inches long. Mr. Mather estimates that 
the ovary of an eel weighing six pounds when in spawn con- 
tains upwards of 9,000,000 eggs.” 

Order 3. Nematognathi.—This group. is represented in 
North American waters by the catflah and horned pout. 
‘The name of the order (from va, vqpyeros, thread, and 
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-yvaos, jaw) is in allusion to the filaments or barbels grow- 

ing out from the jaws, and which are characteristic of the 

members of the group. The upper jaw is formed by the 

intermaxillary bones ouly, while 

the supra-maxillary bones form 

the buses of the large barbels, 

‘The suboperculum is always ab- 

sent, as is also the symplectic ; 

the supra-occipital and parietal 

bones are co-ossified. ‘The skin ix 

either naked or with bony plates. 

The air-bladder connects by a 

duct with the roof of the asoph- 

agus. While a few forms are 

marine, most of the Silaroid 

fishes are inhabitants of the riv- 

ers of tropical countries, a large 

number being characteristic of 

the rivers of Brazil, All the 

North American species belong to 

the family Siluride, of which 

the common representatives are 

the horned pout and western 

catfish, In these forms the skin 

is naked. The horned pout, 

eit “ _ Amiurus atrarins Gill, ranges 

heat : from New England to Maryland 

eaten munch by aight and the Great Lakes, Itbreeds in 

v in gravel daring the midsummer, The 

nigricans Lesuenr, is abundant 

metre (2-4 feet) in length, 

iabris Cope, inhabits a sub- 

terrancan stream tributary Conestoga River in Eastern 
Pennsylvania. 

Among the exotic South American Siluroids are Arius 
(Fig. 404) and Aspredo (Fig. 405) o! jana. In Arineand 
some of its allies in South America the eggs are carried by 
the males in their mouth, from five to twenty being thus 
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borne about until the young hatch. They are probably 
caught up after exclusion and fertilization. Some of thes 
eggs are half an inch in diameter. Dr. Day states that the 
same habits occur in certain Indian species of Arius and 
Osteogeniosus. A species of Arins was found by Stein- 
dachner, at Panama, to carry ite eggs ina fold of the skin of 
its belly; afterwards the males bear them about in their 
mouth. 

The females of Aspredo have on tho ventral surfuce 
horny, stalked capsules, which contain eggs from one to two 
millimetres in diameter ; the capsules disappear as soon as 
the young hatch. 

Malapterwrus electricus Lacépide, of the Nile, is electri- 
cal, the electric cells forming a layer directly beneath the 
skin and enveloping the whole body, except the head and 
fins, The cells are minute, lozenge-shaped, about one and 
a half millimetres in diameter. They are supplied by a 
nerve from the spinal cord. The shock is comparatively 
feeble, but suffices for defence, ‘ the fish being protected by 
its electrifying coat, as is the hedgehog by its spines.” 
(Owen.) 

Order 4. Scyphophori.—This order, first named and 
characterized by Cope, derives its appellation from the 
Grock oxd@os, a bowl, and gpépw, to bear, in allu- 
sion to a peculiarity of the pterygoid bone, which is en- 
larged, funnel-shaped, and excavated by « bow!-like cham- 
ber which expands laterally and is covered by a lid-like bone. 
‘The brain has « peculiar plicated organ over the cerebellum ; 
the air-bladder is simple, communicating by a duct with the 
intestinal canal, The order comprises two families, the 
members of which inhabit the rivers of Africa; they ure the 
Mormyrida, represented by a number of genera and species, 
and the Gymnarchida, of which Gymnarchus nilotions is 
the only known species. 

Order 5. Teleocephali.—These are our common types of 
fishes, and are, whether wo consider their individual strue- 
tare or the number of specific forms, the most highly de- 
veloped, #. ¢., specialized, of the class, The name is derived 
from réAetos, perfect, and xepay}, head, in ullusion to the 
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high degree of elaboration and diversity in the bones of the 
head. The skeleton is usually completely ossified. The 
bones of the skull and of the jaws are fully developed. The 
Jower jaw is attached to the skull by a suspensorium of sov- 
eral well-marked bones, including a symplectic, while the 
hyoid und gill arches are well developed, as is the scapular 
arch. The brain has small olfactory lobes and # small cere- 
bellum. The scales are generally present, and cither ete- 
noid (i.¢., rough-edged) or cycloid (7.¢., rounded but smooth 
on the edge). The common examples are the carp, herring, 
trout and salmon, pike, perch, cod, and flounder. 

Turning now to some of the more characteristic members 
of the order, we first notice one of the lowest Telvosts, the 
electrical eel (Gymnotus edectricus Linn.) of Sonth Amer- 
ica, which is two metres in length, and is characterized by 
its greatly developed electrical butterics, These are four in 
number, situated two on euch side of the body, und 
form nearly the whole lower half of the trank, ‘The 3 
of the cells are vertical instead of horizontal, as in the tor~ 
pedo, while the entire batteries or cells are ‘horizontal, ine 
stead of vertical, as in the electrical ray, The nerves sent 
to the batteries of the cel are supplied by the ventral 
branches of about two hundred pairs of spinal nerves. 

Succeeding these and allied forms are the herrings (@lu- 
peide), represented by the common English herring, | 
harengus Linn., which inhabits both sides of the ; 
Atlantic, extending on the American side from the: polar 
regions to Cape Cod; the alewife, Pomolobus pe 
Gill, which ranges from Newfoundland to Florida ; th 
Alosa sapidissima Storer, which has the same 
distribution as the alewife; and the menhaden or oF pogy, 
Brevoortia tyrannus Goode, which extends from the,const 
of Maine to Cape Hatteras, These, with the ee 
haddock, salmon, and a fow other species, comprise, 
most valuable marine food-fishes. The fisheries 
United States yield about $9,000,000 annually, whilst 
of Great Britain amount to sbout $8,000,000, und those of 
Norway about $14,000,000, 

The herring is w deep-water fish which visits the coast in 
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spring in immense schools, in which the females are three 
times as numerous as the males, to spawn, selecting shoal 
water from three to four fathoms deep in bays, where the 
eggs hatch. At this season, and early in the summer, hun- 
dreds of millions are caught, especially on the Canadian, 
Newfoundland, and Labrador cousts. The English white- 
bait is the young of the herring. The herring is canght in 
deep nets with meshes large enough to capture individuals 
of ordinary size, the nets having a finer mesh than those 
usod for the mackerel fishery. 

‘The alewife and shad are said to be anadromous, from 
their habit’ carly in spring of visiting the coust and ascend- 
ing rivers in vast numbers to spawn. ‘The eggs are of mod- 
crate size ; the ovaries are said to contain about 25,000, and 





Fig, (11—The Herring, Cupea Aarengue, ono third natural size—From tho Amert- 
om Naturaiiet, 


at times as many as 100,000 or 150,000 eggs, They are dis- 
charged near the surface, sinking slowly to the bottom. 
The time between impregnation and hatching varies from 
about three to six days, acoording to the temperature. The 
shad eats little or nothing in fresh water, being then engaged 
in the act of reproduction. In the sea they live on small 
Crustaceans, such ax Myeis, ete. The menhaden is now pat 
up a8 a substitute for sardines, and is of great value as fish- 
bait, especially in the mackerel fishery, and for its oil. 

The family Salmonid@ comprise the salmon, trout, and 
whitefish, with a number of speciés and varieties. Tho 
species of the genus Salmo have not more than eleven rays 
to the anal fin, while the salmon of the west coast, guinnat, 
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has fifteen or sixteen anal rays. The Salmo salar 
sometimes weighs eighty pounds. It is common to p 
as well as Northeastern America. In the autumn the salmon 
ascends rivers to spawn, penetrating as near the source ag 
possible. During the breeding season the males differ de- 
cidedly from the females, in the long, slender, hooked smout, 
the body being thin and high-colored. The eggs are yery 
large, exceeding a pea in size, and are laid in shallow holes 
made in the gravel of streams. The extreme young are 
banded and called parr; when about a year old, and of a 
bright silvery color, before descending the rivers to the sea, 
it is called a smolt; after its return from the sea into fresh 
water it goes by the name of grilse; and finally, after re- 
turning « second time from the sea, it assumes its name of 
salmon. The trout, Salmo (Salvelinus) fontinalis Gill and 


Vig. 412 ~The Smelt—Gemerus mortae—ono half natural size.——From the Amer- 
Naturatiet, 


Jordan, also breeds in the autumn and early winter; it is 
not anadromons, living permanently in streams ponds. 

An allied family embraces the smelts, Osmerns eper- 
lanus Linn,, and 0. mordax Mitchill, which live on both 
sides of the Atlaitic, and range from Nova Scotia to Vir~ 
ginia. The capelin, Mallotns villosus Cuvier, is valuable 
as bait in the cod fishery. It spawns in the summer, The 
males are distinguished by a prominent lateral ridge along 
the sides of the body and are more numerous than the 
females. 

Belonging to the same suborder or group of families 
as the Salmonide is the farnily Galazxitde, represented by 
@alazias and Neochanna (Fig. 413), in the latter of which 
tho ventral fins are absent, 
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‘The carps (Cyprinus), shiners and minnows abound every- 
where in the Northern States in ponds and weedy streams, The 
breeding habits of the dace (Rhinichthys atronasus Mitchill) 
have been observed by Dr. Gregg. Tho females spawn over 
“nests” or shallow depressions two feet in diameter in run- 
ning brooks about a foot deep; the male passes over the 
eggs fertilizing them; then the pair bring small pebbles 
which are dropped over the eggs, until layer after layer alter- 






Pig. 418.—Neochanwa.—Prom Loticen, 


nately of eggs and pebbles are deposited, when a heap is 
formed, the young hatching out and remaining among the 
pebbles until old enough to venture ont into the stream. 
The dace is closely allied to the chub (Semotilus rhotheus 
Cope, Fig. 415). Succeeding them aro the suckers (family 
Catostomida) of which Catostomus teres Leaueur is an ex- 
ample, 

The blind fish of the Mammoth and other cayes, and of 


% 
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adjoining wells connecting with subterranean streams, aro 
remarkable for the rudimentary state of the eyes, and con- 
sequently of color, There are several species, the most 
common and largest being Amdlyopyis spelens De Kay ; this 
species is viviparous. Representing the family Umbdride is 
the mud-m) ¢ (Melanura limi Kirt., Fig. 414). 

‘The flying-fish represent another family. Their pectoral 
fins are very broad and large. They dart from the water 
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with great speed without reference to the course of the wind 
and waves. They make no regular flying motions with their 
pectoral and ventral fins, but spread them out quietly, 
though very rapid vibrations can be seen in the outatretehed 
pectoral fins. They usually fly farther against the wind than 
with it, or if their track and the direction of the wind form 
an angle. Most flying-fish which ‘fly against or with the 
wind continue in their whole course of flight in the aume di- 
rection in which they come out of the water. Winds which 
blow from one side on to the original track of the fish bend 
their course inward. All fish which are at a distance from. 
the vessel hover in their whole course in the air near the sur- 
face of the water. If in strong winds they fly against the 
, 


Fig. 415.—The Large Chub, Semotifwe rhothew, one fifth natural slve,—From Abbot, 


course of the waves, then they fly a little higher ; sometimes 
they cut with the tail into the crest of the waves. Ont; 
such flying-fish rise to a considerable height (at the highest, 
by chance, five metres above the surface of the sea) whose 
course in the air becomes obstructed bya vessel. In the 
daytime flying-fish seldom fall on the deck of the ship, but 
mostly in the night; never in a calm, but only when tho 
wind blows. (Moebius.) 

Following the flying-fish is the family represonted by the 
silver gar or bill-fish (Belone Zongirostris Mitchill, Fig. 416), 

The sucker (Keheneis remora Linn.) occurs along the 
whole coast of the United States, and is found all over the 
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tropical and subtropical seas. It is provided with a broad 
oval sucker‘on the upper side of the head, by which it ad- 
hores to other fish or even to ships, and may thus be trans- 
ported long distances. Another noticeable member of tho 
order is the blue-fish (Pomatomus saltatriz Linn., Fig. 417), 
so valuable as a food-figh. 


Sr 
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The dolphin (Coryph@na) is sometimes found upon our 
coast, but it is essentially a pelagic fish, occurring only out 
of sight of Jand apon the high seas, The pilot-fish is also 
a pelagic form. 

‘The percoid fishes are represented by the perch (Perea flu- 
viatilis Linn), which spawns in winter, making slight hol- 
lows in the gravel in shoal:places in ponds ; their movements 





Bie, <17-—The Bine-tah, Pematomes eattatrie, = tet natural aiza—Prom the 


can be watched through the ice. On the other hand, the 
sun-fish or bream (upomotis aureus G. and J.) spawns in 
the summer time, making a nost, which they scoop out of 
the river bottom. The banded sansfish (Mesogonistins che- 
fodon Gill) occasionally scoops out a little basin in the sand, 
in which rt deposits its eggs late in the spring. The spotted 
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sun-fish (Znneacanthus obesus Gill, Fig, 418) lives in muddy 
streams, burying itself in the mud in winter. Of similar 
mud-loving habits is the mud-minnow (Melanura limi 
Agassiz), which spawns in the spring. ‘The pirate perch 
(Aphredodorus sayanns De Kay) occupies the nest of com- 


Fig. 433,—Tho Spotted Sun-feh, Hnnescanthus oderme—Aftce AMVOL, 


mon sun-fish, and with the female guards it and afterwards 
the young till they are nearly a centimetre (two-fifths inch) 
in length, when they are left by their parents. (Abbot.) 

The darters, Etheostomida, belong near the perches, and 
comprise the smallest of fishes. They inhabit the streams 
of the Mississippi Valley. A common example is the sand- 
darter (Pleurolepis pellucidus Agassiz, Fig. 419). 


Fig. 419.—Sand-Darter.—After Jordan, 


‘The male stickleback (Gasterostens) makes an elaborate 
nest of leaves, etc., suspended in mid-water, within whieh it 
remains watching the eggs and young. 

One of the most valuable food-fishes is the mackerel 
(Scomber scombrns Linn., Fig. 420), whose range is from 
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Greenland to Cape Hatteras. It remains in deep water dur- 
ing the late autamn and winter, approaching the coast in 
May and Jone for the purpose of spawning, its annual 
appearance being very regular. ‘The number of eggs de- 
posited in one season by cach female ia said to be from five 
to six hundred thousand. After spawning they move north- 
ward, following the coast until they are checked by the” 
coolness of the water, when they return, and in November 
seek the deep water again. spawning they do not 
take the hook ; they are then Iean ; but at the time of their 
departure from the coast they are fat and plump. (Blake.) 
‘The eggs of the mackerel as well as of the cod are go light 
as to rise to the surface, where they develop. Allied to the 
mackerel, though of great size, are the horve-mackerel and 
the sword-fish, whose upper jaw is greatly prolonged. 


Fig. 490,—The Mackerel, Soamber scombrwa, ono quarter natural alan —After Bako, 


‘The singular Anadas of the East Indies is the representa- 
tive of a small group of fishes called Labyrinthici or laby- 
rinth-fishes, in allusion to a cavity on the upper side of the 
branchial cavity on the first gill-arches, containing a laby~ 
rinthine organ, which consists of thin plates, developed 
from the upper pharyngeal bones, enabling the fish to live 
for u long time out of water. Anabas scandens Cuvier, of 
the fresh waters of India, will trayel over dry land from one 
pond to another, and is even said to climb trees by means 
of the spines in its fins. 

Near the head of the order stands the cunner (Tawlogola- 
brus adspersus Gill), whose anatomy is represented by Figs. 
404-406 Passing over the tautog, the voracious wolf-fish 
(Anarrhichas), the blennies (Blennida), in which the body 
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is long and narrow, and the viviparous eel-pout (Zoarces), the 
cottoids or sculpins, and a number of allied forms, we come 
to the hake ( Merlucius bilinearis Gill), the haddock (Melano~ 
grammus eglefinus Gill, Fig. 421), and cod (Gadus morrhua 





Rig, ttl —The Haddock, Aelanogrammus aplefine.—From the American Nat- 


Linn., Fig, 422), ull of which extend northwards from Cape 
Hatteras, the cod abounding on both sides of the Atlantic, 
being a circumpolar fish. The cod does not, as formerly 
supposed, migrate along the coast, but seeks the cool tempe- 
rature to which it is adapted by gradually passing in the 
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early summer from shallow to deep water, and returning as 
the season grows colder, It visits the shallow water of Mas- 
sachusette Bay to spawn about the first of November, and 
towards tho last of the month deposits its eggs. About 
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eight or nine million of eggs are annually deposited by each 
female. (Blake.) The eggs Iaid by the cod rise to the sur- 
face of the water, on which float, ‘The young fish 
hateh on the New England coast in twenty days after they 
are extruded. Several millions of cod were artificially hatched 
at Gloucester, Mass.; in the winter of 1878-9, by the United 
States Fish Commission; it has thus been demonstrated 
that this fish:can be artificially propagated. 

The cod is the’ most important of all the food-fishes, 
whether we consider the number takew and tho amount of 
capital involved in the cod-fishery. It abounds most on 
the Grand Banks of Newfoundland. The breeding. habits 
of the haddock, hake and pollock are probably like those of 
the cod. 

Fierasfer is 0 small ecl-like fish, with a long, thin tail. It 
is typical of a peculiar family, and is noteworthy from being 
a “commensal” or boarder in the digestive canal of Holo- 
thurians, ete. F. acus Brinn. lives in Holuthurians, and 
another species in a star-fish (Culcifa), The Brotulide are 
fishes allied to the cod, but constituting « distinct family. 
Most of them are salt-water species, but allied forms (Luet- 
fuga sublerranous and Stygicola dentata) live in subterra- 
nean waters in Cuba. 

At the head of Teleocephadi stand the flounders, halibut 
and soles, which are an extremely modified type of the order. 
In these fishes the body is very unsymmetrical, the fish vir- 
tually swimming on one side, the eyés being on the upper 
side of the head. Tho upper side is colored dark, due aa in 
other fishes to pigment-cells ; the lower side is colorless, the 
pigment-cells being undeveloped. When firat hatchod the 
body of the flounder is symmetrical, and in form is some- 
what cylindrical, like the young of other fishes, swimming 
vertically as they do, and with pigment-cells on the under- 
side of the body. Steenstrup first showed by a series of 
museum specimens that the flounder was not born with the 
eyes on the same side of the head, but that one eye gradaally 
passed from the blind to the colored side. Mr, A, Agnes 
has studied the process, and finds that the transfer of tho eye 
from the blind side to the colored side occurs very early in 





460 ZOOLOGY. 


life, while all the facial bones of the skull are still cartilagi- 
nous, long before they become hard and ossified, i.¢, when 
the flounder (Plagusia) is twenty-five millimetres (one inch) 
long. ‘‘The transfer of the oye from the right side to the 
left takes place by means of a movement of translation, ac- 
companied and supplemented by a movement of rotation 
over the frontal bone.” Young flounders, when less than 
two inches in length, are remarkably active compared with 
the adults, darting rapidly through the water after their 
food, which consists principally of larval, sw 

crnstacoans, ete, (A. Agassiz.) ‘The common flounderfrom 
Nova Scotia to Capo Hatteras is Pseudoplewronectes Ameri- 
canus of Gill. 


Fig, 483.—Goore-fish, one tenth natural size.—From Tonney"s Zealogy. 


Order 6. Pediculati.—The type of this order is the goose- 
fish. ‘The name was given to the group from the long 
slender bones supportin, pectoral fins, The gill-open- 
ings are small and place: axils of the pectoral fins, Za- 
phius piscatorius Linn., the goose-fish or angler (Fig. 423), 
has an cnormous mouth, and swallows fishes nearly as large 
as itself. The head and fore-part of the body is very large 5 
the ski naked, scaleless. Its eggs are laid in broad, 
ribbon-like, thin gelatinons masses, two metres long and 
half « metre wide, h float on the surface of the 
ocean. 

Order %. Lophobranchii. ~The tufted-gitled fish—gach the 
nume of the order indicates—have a fibro-cartilaginous skele- 
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ton; a single opercular bone, while the snout and lower 
jaw are prolonged into a tube, with the mouth at the 
end. he chief peculiarity, however, is the gills, which are 
developed in the form of a row of tufted lobes on each side 
of tho branchial arches. The scales are largo, forming an- 
gular plates arranged in longitudinal rows (Gill). In Sole- 
nostoma of the Indian Ocean the female carries the*eggs in 
4 pouch formed by the union of the ventral fins with the 
integument of the breast. 

The male of the pipe-fish (Syngnathus peckianns Storer) 
receives from the female the eggs, and curries them in u 
small pouch under 
his tail, which is 
open beneath 
through its whole 
length. This ain- 
gular mode of mas- 
culine gestation is 
still farther per- 
fected in the sea- 
horse (Hippocam- 
pus hudsonius De 
Kay, Fig. 424), 
which lives off- 
shore from Cape 
Cod to Cape Hat- 
teras). The pouch ,,,7" pel me male, sith the young lesan 
is situated on the 
breast. The male, by simple mechanical pressure of its 
tail, or by rubbing against some fixed object, as a shell, 
forces the fry, to the number of about a thousand, out of its 
brood-pouch, the young at this time measuring about twelve 
millimetres (5-6 lines) in length. In the young the head is 
at first rounded, the snout being short and blunt (Lockwood). 

Order 8. Plectognathi.—This group, represented by a few 
singular forms, such as the trunk-fish, file-fish, paffors, and 
sun-fish, is characterized by the union of the bones of the 
upper and capecially the lower jaws. There ave few verte- 
bre, the scales are often modified to form spines, and tho 
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mnge from Cape Cod to Florida, The sun-fish (Mole ro- 
tunda Cavior, Pig, 425) is, like the others of the order, a 
surface-swimmer, It is sometimes a metre or more in 
longth, weighing five hundred pounds or more. Allied 
forma are Orthagorisons oblongus (Fig. 426) and the globe- 
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fish, Molacanthus Pallasii (Fig. 427), which ocour in the 
North Atlantic, 


osseous skeleton, with paired and wapatred fina supported by fin 
no sternum ; usvally covered with scales; breathing by gills. 
with a single ventricle and auricle. Mostly oviparows. 


Subclass 1. Klaenobranchii.—Skelevoa cartilaginous ; skull without 
membrane bones, five to seven pairs of gillsacs und gill.” 
openings; no opercalar bones; tail heterocercal ; scales 
placold ; heart with a pulsating aortic bulb; optic nerves 
forming a chiasma; intestine with a spiral valve; both 
oviparous and viviparous, 

Order 1, Plagiostomi (Selache, Lamna, Raia). 
Order 2. Holocephali (Chimera). 

Subclass I. Ganoidei.—Skeleton cartilaginous or ossified ; skull with 
plate-like membrane bones; one pair of gill-openings cov- 
ered by opercalar bones; skin usually with eyeloid or gan- 
old scales; air-bladder with a pneumatic duct ; embryos or 
young sometimes with external gills; chiasma of the optic 
nerves; intestine with a spiral valve; development, so far 
as known, mach aain tho sharks, and in some roapects like 
the bony fishes; the living forma oviparous. 


Order 1. Chondroganoidet (Acipenser). 
Order 2. Dipuok (Coratodus, Lapidosiren) 





ZOOL0GY. 


Order 3. Branchiogancides (Polypterus). 
Order 4. Hyoganoides (Lepidosteus, Amia). 
Stee IL Teleostei—Skeleton bony ; skull composed of numerous 


bat with an arterial balb; Intestine generally without a 
spiral valve; mostly oviparoas, 

Order 1. Opisthomi (Notacantlhua), 

Order 2, Apodes (Anguilla). 

Order 3. Nematognathi (Amiuras). 

Order 4. Scyphophori (Mormyras). 

Order 5. Telescephali (Salmo, Peres, Gadus). 

Order 6. Pediculati (Lophiua). 

Order 7. Lophobranchii (Hippocampus). 

Order 8. Plectognathi (Tetrodon, Mots). 


Laboratory Work.—Fishes should usually bo dissected, except when 
lange, under the water; small specimens can be pinned down to the 
bottom of cork. or wax-lined dissecting pans, and the more delicate 
parts worked ont with fine scissors and kniver, The brain and spinal 
cond can be dissected with case, provided care be taken, with scalpel 
nod sclesors, a8 the bones covering them can be cut away by means of 
stout scissors and bone-pliers and fine surgical saws, Longitudinal 
sections will bring out the relations of the brain and beginnings of the 
nerves, and transverse sections of tho tail may be made to show the 
disposition of the muscles. The skeleton may be prepared whole by 
removing the flesh carefally from alcoholic or partly macerated speci- 
mens, Disarticulated skeletons for study can be made by 
the fish and then peparating the bones from the flesl. To stady tho 

carefal injections should be made by the ase of an inject. 
, with wax, plaster of Paris, or vermilion as the injecting 


Crass IV.—Batracnta (Salamanders, Toads, and Frogs). 


Gonoral Charactors of Batrachians.—We have had an- 
ticipations of the Batrachians or Amphidia in the Ganoids, 
especially the Dipnoan fishes, which it will be remembered 
approach the members of the present class in the lung-like 
nature of the air-bladder and in the presence of external 
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gills in the young, as well as in the form of the skull, there 
being many bony parts in the skull which resemble similar 
parts in Batrachia, Indeed so close in some characters is the 
approximation of the fishes to the Batrachians, that the two 
classes bave been placed in a series called Jchthyopsida, The 
Batrachians, however, differ essentially from the fishes in hav- 
ing the bones of the skull few, directly comparable with 
those of reptiles, birds, and mammals, and in being jointed 
to the vertebral column by two articular surfaces called con- 
dyles, the first. vertebra, or atlas, having two corresponding 
articulating hollows. The limbs have the same number of 
subdivisions, with distinct leverage systems, as the higher 
Vertebrates, the bones composing them being closely homol- 
ogous. ‘True ribs now appear. Some have persistent exter- 
nal gills, and all have well-developed lungs. So that for the 
first time we have the coexistence of trae limbs and lungs 
in animals which are air-breathing and move about freely on 
land, though from passing a part of their adult life in or 
about fresh water they are said to be amphibious. The skin 
is usually scaleless. The circulation is incompletely double, 
there being sometimes two auricles, Like fishes, they are 
cold-blooded. ‘They are mostly oviparous, a few are vivipa- 
rous, and nearly all undergo « metamorphosis. 

‘To enter more into detail: The vertebre of Batrachians 
are in the living Proteus and allies, and in the blind-worms 
(Apoda) biconcave ; in the salamanders and in the Surinam 
toad (Pipa) and Bombdinator they are concave behind, but 
in the toads and frogs generally they are for the most part 
concave in front, but vary in different parts of the spinal 
column, some of the same individuals being biconyex and 
others biconcave. While the vertebre are numerous in the 
tailed forms, in the tailless toads and frogs there are but 
eloven, two in the coccyx, one in the sacrum, the remaining 
eight forming the rest of the column. In the frog, when 
the tail disappears, a long, spine-like piece (Fig. 428, ¢) called 
tho wrostyle is developed from the rudiments of a few verte- 
brew. In the extinct Archegosaurus the bodies of the verte- 
bra are but little ossified ; in Trimerorhachis they are rep- 
resented by the bony rings of three segments, while in allied 
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tinct Archegosawrus had in its Jarval life branchial arches, 
and in fact so close are the affinities of some Amphibians to 
the Ganoids that it is probable that both types haye had a com- 
mon origin; while on the other hand the bones of certain 
extinct sealy Labyrinthodonts have been regarded by some 
authors as reptiles ; for example, the Carboniferous Mastodon- 
saurus was described as a reptile, but has been reforred to 
the Amphibians by modern writers. 

The sternum or breast-bone (Fig. 429, s) first appears in 
the Batrachians. The shoulder-gindle is in great part carti- 
laginous. In the toads and 
frogs (Anura) tho fore limbs, 
the radius, and ulna, and in 
the hind limbs the tibia and 
fibula, grow together; there 
are four toes in the fore feet, 
and five toes in the hind fect, 

Tn the Siren the hind legs aro 

wanting ; in the congo-snakes (f"" 

(Amphiuma) the limbs are iis cari oer eae 
either two or three-toed. wide Oo ¢. epleternam. 

The teeth of modern Ba- ihe sph 
trachians are conical or lobate, 
and microscopically are simple, while those of the extinct 
forms are mostly complicated by the labyrinthine infolding 
of the walls, ag aeén in microscopic sections; the teeth of 
many Ganoids have a similar, though much simpler struc- 
ture. They are usually of the same size, and may be ar- 
ranged on projecting portions of different bones of the mouth, 
i.¢., the premaxillary, maxillary, mandibular, vomerine, pal- 
atine, and pterygoid bones, as in fishes. In tadpoles and 
in Siren the jaw-bones are encased in horny beaks like those 
of turtles and birds. In many Labyrinthodonts two tusks 
were developed on the palate. ‘The nasal canal is much as 
in the Dipnoan fish, the internal opening being situated in 
the Perennibranchiates just within the soft margin of tho 
mouth, In the salamanders and frogs it ia bordered with 
firmer parts of the jaw. The labyrinth of the ear is lange, 
and the tympanum or drum of the car is external, Am- 
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toads and frogs are 90 highly developed. The trachea is 
short. 

‘The heart has two auricles, the right one the larger, and a 
single ventricle; but in Profews the auricles connect with 
each other, and in the salamanders there is a hole in the par- 
tition separating the auricles. There are also indications of 


Oh pectin: 


fue! 
hind i 
After Gervale and 


a partition in the ventricle, Fig. 

432 represents the circulatory or- 

gans of a tadpole, after the gills ,Ji; 

have become absorbed, and before fe" 

the aortic arches are reduced in frie and a 

maumber. aR ek 
‘The nervous system is much fate fangs Atte age Atver Geevale and 

as in reptiles ; but the optic lobes 

ure rather small ; the cerebram is small. The kidneys are 

in many respects like those of fishes, especially sharks, as 

is the internal reproductive system. ‘The ovaries ure greatly 

enlarged during the breeding season. The sperm is usually 

passed to the kidney, and thence through the ureters out of 

the cloaca, The oviducts and ureters have a common outlet 
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into the cloaca. In the salamanders the end of the ovidnot 
serves us a uterus, There are also fat-bodies (Fig. 433) at- 
tached to the anterior end of the reproductive glands of the 
toads and frogs, the use of which is unknown, For a gene- 
ral idea of the structure of Amphibians the student should 
dissect « frog or toad in connection with the following de- 
scription and accompanying illustration (Fig. 433), prepared 
by Dr. C. 8. Minot. 

‘The frog is one of the types of Vertebrates most valuable 
to the student, being readily obtained and easily dissected. 
The accompanying figure represents the anatomy of the 
spotted or leopard frog, Rana halecina, male. 

The skin is smooth, having neither scales, feathors, nor 
hairs, and contains numerous microscopic glands, of which 
there are said to be two kinds—one having an acid, the other 
an alkaline secretion (L. Hermann). It is pigmented on 
the dorsal surface, but whitish underneath. The head is 
brond, triangular, with two large nasal openings in front, 
large and prominent eyes, two tympanic membranes formed 
by a part of the integument stretched across a hard ring, 
and an cnormous mouth. The neck is short and not con- 
stricted. ‘The body tapers slightly posteriorly, and has the 
opening of the cloaca upon the posterior end of its back. 
Each limb consists of the three divisions ; in the front leg, 
brachium, antebrachium, and manus with four digits, of 
which the fourth is very much thickened in the male; the 
sexes may be distinguished by this mark, In the hind leg 
the three divisions are the femur, crus, and pes, with five 
long digits, between which the membranous web is stretched, 
If the web is examined in a living frog with » microscope, 
the circulation of the blood in the capillaries can be studied. 
‘The current of corpuscles and plasma is constant, and ina 
givon vessel passes only in one direction ; by following the 
stream backwards and forwards it will be found to issue 
from larger vessels, the arteries, and to enter into other and 
different vessels, the veins. The pigment corpuscles can 
also be seen in the web; they are branching. bodies, capable 
of drawing in or expanding their processes, and they can be 
made to contract by an electrical shock from an induction 
apparatus, 
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Slit open the skin along the median ventral line the 
whole length of the animal, turn the skin back, and then 
cut through the muscular walls of the abdomen, being care- 
ful not to injure the anderlying organs. The viscera will 
then be exposed : the coiled intestine, the large liver, and in 
the fomale the sexual organs at either side; finally, pos- 
teriorly, the thin-walled bladder, B. The next step is to 
seize tho posterior end of the sternum with a pair of for- 
cops, lift it up, cut the tibres which ran from its under sur- 
face, and cut with a pair of strong scissors along both sides 
of the sternum and «round its anterior end, 80 us to remove 
itentirely. Underneath the sternum lies a thin-walled bag, 
the pericardium, enclosing the heart. On either side are 
the lungs. 

To complote the preparation disseet out the intestine, by 
cutting through the mesentery ; follow it to the stomach, 
which must be separated from the asophagus and drawn 
aside together with the intestine, while the liver must be 
turned over to the right of the animal. ‘The pericardium 
muat be cut through and removed without injury to the 
heart; finally, the skin must be removed from the hind 
logs. If the dissection is of a male, it will then appear very 
much as in the figure. 

‘The heart is conical in shape ; its apex points backwards, 
and is formed by # single chamber, the ventriclo, with thick 
muscular walls, from which springs on the renéral surface w 
little to the right the érancus arteriosus (Ao), which runs 
forward und divides into the two aortic arches, The base of 
the heart contains two chambers, the right and lefi auricles, 
the separation of which is not marked externally. A large 
vein ( 7) jmsses from the liver to the back of the heart, and 
he emptics into a thin-walled suc, the sinus venoeus, 

ch also receives on either side a vein from above, the 

“ wuperiores. The vein from the liver receives also 
al and ronal veina, and is thon called the vena cava 
inferior, As the heart continues to beat for many honrs 
after a frog hus been killed, if a fresh specimen is taken for 
dissection the rythmieally alternating dilatations and con- 
tractions may be observed. ‘The order of contraction is, 
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tho cloaca, where it opens just in front of the ureter. At 
the season of reproduction the oviduct is found yery much 
distended with ova. Its anterior end has a ciliated opening 
into the body-cayity. In the neighborhood of the sexual 
glands lies the fat-body (/). 

The lungs (Ir) are two large sacs with very elastic walls, 
richly supplied with blood-yessels, ‘These vessels spring 
from the pulmonary artery. Prom each division of the 

neus arteriosus are given off four branches (Pig, 433, II), 

@ first is the pulmonary aorta (Pa), which also gives off 
a large cutaneous branch; the second, the true aortic arch 
(Ao), which, curving backwards, unites with its fellow just 
in front of the kidnoys and below the spinal column, to form 
the descending aorta; the third (er), the carotid artery, ran- 
ning to the head, and bearing at its origin the singular caro- 
tid gland (eg); the fourth, the lingual artery. The blood 
is retarned from the lungs by two veins, which empty into 
the loft auricle, 

‘The space of the lower jaw is covered over by a thin trans- 
verse muscle (Ay), the mylohyoid. On either side behind 
the posterior edge of this muscle lies a croaking bag or air- 

S). In the mouth are to be observed, Ist, the mus- 

lar tongue, attached by its anterior end to the lower jaw, 

-ked posteriorly ; 2d, the openings of the nasal cayi- 

d, the receseus Hustachid, lying farther buck, and 

leading into the tympanic cavity; 4th, the opening of the 
msophagua ; and Sth, the slit-like epiglottia. 

The muscles are best dissected in alcoholic specimens. 
The muscles of the hind limba are as follows : On the von- 
tral surface, the cut ends of the recti abdominis (r. ab.); 
on the ventral surface, 1, of the thigh, outwardly musenlus 
vastus internns (moi), the adductor longus (a), the sar- 
torius (ms), adductor magnus (a''), rectus internus minor 
(ri*) ; the rectus internus major (ri’); a small part of the 
adductor brevis can be seen close to the pubis botween the 
adductor magnns and the rectus internus major ; underneath 
the rectus internus major lies the long and the semilendino- 
aus with two heads; 2, of the log (crus) gastrocnemius (9), 
and between that muscle and the bone the (ibialis postions ; 
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in front is the tibialis antious (fa). On the dorsal surface 
of the thigh (Pig. 433, 111) the glutaue (gl), the pyriformis 
(p), the rectus antious fomorus (ra), the vastus mxternus 
(ve), the biceps (b), the semimemdranonus (em), lying deep 
between the biceps and semimombranosus are seen the 
femoral vessels and sciatic nerve ; the rectus antious, vastus 
internus and externus are known collectively as the triceps 
Semoris ; in the leg the gastrocnenmins (g) and peroncus (p). 

The sympathetic nerves can be seen as two cords, one on 
cither side of the vertebral colamn. The spinal nerves can 
be acon as white threads on the dorsal surface of the body- 
cavity. The brain (Fig. 373) may be dissected ont by open- 
ing the skull from above. ‘The olfnetory lobes of frogs and 
toads are fused together, but separate in the tailod Batrachia. 
The seventh, eighth, and ninth spinal nerves unite to 
form the very large sciatic trank; tho intercommunications 
of these nerves form tho Iumbar plexus; while the second 
and third spinal nerves form the brachial plexns from which 
arises the brachial nerve, (C. 8. Minot.) 

Certain glands in the skin of some Batrachinns secrote a 
corrosive, oras in the European Salamandra maculosa, a nar- 
cotic poison, which is poisonous to small animals, Tho 
toads secrete in the parotid glands a bad-smelling fluid, 
which applied to tender skins produces erysipelas. Lacerda 

tes that the poison of the Brazilian Bufo teferious is a 
milky humor from the glands on tho sides of the neck. Tho 
action of the poison is lees fatal to small animals than that 
of the European toad ; it gives a alight acid reaction and is 
not soluble in alcohol, while that of the European toad is, 

Like fishes, the Batrachians assume high colors during 
the breeding season. The males of the nowts at this timo 
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size. The next important change is the growth of the front 
legs and the partial disappearance of the tail (@), while very 
smull toads (D and Z), during midsummer, may befound on 
the edges of the pools in which some of the nearly tailless tad~ 
poles may be seen swimming about. It is three yeara before 
the Amphibia are capable of breeding. In the newts (7ri- 
ton) the gills are in three pairs, largor and more complex 
than in the frog; the fore limbs are the first to grow out, 
and the gills persist long after tho hind limbs are developed. 
Tn the newts we have the larval state of the toads and frogs 
persistent ; thus the successive steps in the development of 
the individual frog is an epitome of the evolution of the 
typical forms of the class to which it belongs. 


See 


6 + & 


Fig. 404 —Metamorphorls of the Teed —After Owen ; from Tennoy's Zoobogy. 


Tn certain Batrachians as the Alpine salamander, the Sa- 
rinam toad (Pipa) and tho Hylodes of Guadaloupe in the 
West Indies, the metamorphosis is suppressed, development 
being direct; though the young have gills, they do not lead 
an aquatic life. In the axolotl there is a premature devel- 
opment of the reproductive organs, the larwe as well as the 
alults laying fertile eggs. 

The Batrachians are inhabitants of the warmer and tem- 
perate zones, Frogs extend into the arctic circle. The 
Amblystoma mavortium breeds at an altitude of about 8000 
fect in the Rocky Mountains, Rana septentrionalis Baird 
extends to Okak, Northern Labrador, where the climate is as 
oxtreme as that of Southern Greenland ; frogs have also been 
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singly on leaves of Myriophyllum, which adhere to the gla- 
tinous egg, concealing it. (Cope.) Thoso of Desmognatins 
are laid connected by a thread both on land and in water, 
The common land salamander, or Plethodon erythronotum 
Baird, lays its eggs in summer in packets under 
stones, leaves, ete. ; the young are born with gills, as is the 
case with the viviparous Salamandra atra of the Alps. ‘The 
possession of gills by land salamanders, which have no nse 
for them, and which consequently drop off in a few days, 
leads us justly to infer that the land salamanders are the de- 
scendants of those which had aquatic larve, 
¢ lowest form of this order is the aquatic C 
or Amphinma means Linn., in which the body is large, vory 
rec round and slender, with small rudimentary two-tocd 
li ; thore are no gills, though spiracles survive. It lives 
‘in sis ies and sluggish streams of the Southern States, 

Astep higher in the Urodelous scale is the Menopoma, which 
is still aquatic, with persistent gills, but the body and foot 
are as in the trae salamanders. The Menopoma Alleghani- 
onse Harlan, called the hellbonder or big water lizard, is 
about half a metre (14-2 feet) in length, and inhabits the 
Mississippi Valley. Allied to the Amphiuma is the gigantic 
Japanese salamander, Oryptobranchs Japonicus Van der 
‘Hoeven, which is a metro in length, Alliod in size to this 
form was the great fossil salamander of the German Tertiary 
formation, Andrias Schenchzeri, the homo ditivii testis of 

Schouchzer, thought by this author to be a fossil man, 

In the true salamanders the body is still tailed, the eyes are 
rather large ; there aro no spiracles; they breathe exclusively 
by their lungs, except what respiration is carried on by the 
skin. 

The genus Amblystoma comprises our largest salamanders ; 
they are terrestrial when adult, living in damp places and 
feeding on insects. The larve retain their gills to a period 
when they are as large or even larger than the parent, The 
most interesting of all the salamanders is the Amdlystoma 
mavortium, whose larva is called the axolotl, and was origi- 
nally described as a perennibrinchiate amphibian under the 
name of Siredon lichenoides Baird. This larva is larger than 
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several adults from the larva, and I have been told that sire- 
dons in the mountains among the miners’ camps near Salt 
Lake City leave the water and transform. It thus appears 
that inthe elevated plateaus* as well as at the sea-coast, some 
siredons transform while others do not. Mexican siredons 
have for a number of years been bred from eggs in the 
aquaria of Europe, laying eggs the second year. 

‘The change from the larva to the adult consists, as we have 
observed, in the absorption of the gills, which disappear in 
about four days ; meanwhile tho tail-fins begin to be absorbed, 
the costal grooves become marked, the head grows smaller, 
the eyes larger, more protuberant, and the third day after 
the gills begin to be absorbed the creature becomes dark, 
spotted, and very active and rostless, leaving the water. Their 
metamorphosis may be greatly retarded and possibly wholly 
checked by keeping them in deep water. ‘The internal 
changes in the bones of the head and in the teeth are very 
marked, according to Dameril. 

Experiments made in Europe show that the legs and tail 
of the axolotl, as of other larval salamanders, may be repro- 
duced. We cut off a leg of an axolotl the first of November ; 
it was fully reproduced, though of smaller size than the 
others, a month later. Tho tail, according to Mr. L. A. 
Lee, if partly removed, will grow out again us perfect as ever, 
vertebra: and all. 

The Tritons or water-newts, represented by our common, 
pretty spotted newt, Dientyctylus viridescens Rafinesque, are 
also known in Europe to become sexually mature in the larval 
state when the gills are still present, as has been observed by 
three different naturalists. The female larva of Lissotriton 


punctatus has been known to lay eggs. 
Order 4. Gymnophiona.—The blind snake with its several 
allies is the representative of this small but interesting order, 


* It has been stated by De Sausnure, Cope, Marsh, and moro recently 
by Weismann, that the siredon does not change in its native elevated 
home. No naturalist has sece the Mexican siredon transform Into an 
Amblystoma, bat as It dees so In abundance in Wyoming and Utah, 
it probably transforms in Mexico. (The adult Mexican form hes recent. 
Jy been found, and ie at the Smithsonian Tretitation.) 
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ing Batrachians, their fossil ancestors had an armor of large 
breast-plates, with smaller scales on the under and hinder 
part of the body. 

But the largest forms were the true Labyrinthodonts repre- 
sented in the Carboniferous rocks of this country by Baphetes, 
and in Europe by Anthracosawrus, Zygosaurus, and in the 
Permian beds of Texas by Bryops. Labyrinthodonts also 
abounded in the Triassic Period, and forms like the Euro- 
pean Labyrinthodon or Mastodontosaurns must have been 
colossal in size. Footprinta occur in the Subcarboniferona. 
rocks of this country which indicate forms still larger than 
any yet discovered in the Old World. A large number 
(thirty-four species, referable to seventeen genens) of medium- 
sized Labyrinthodonts have been described from the coal 
measures of Ohio by Cope which wore characterized by 
their long, limbless, enake-like bodies and pointed heads, 
forming «still more decided approach to the Ganoids, This 
was the lowest group of Stegocephala, called Microsauria by 
Dawson. 

‘Thus we have in these Labyrinthodonts synthetic or an- 
nectant forms, which connect the fishes with the Am- 
phibians, and on the other hand point to the incoming of 
the reptiles. They were thus prematuritive, larval forms, 
which in certain characters anticipated the coming of a 
higher type of Vertebrate. The reptiles were ushered 
in during the Permian Period, the rocks of this age imme- 
diately overlying the coal measures, though it should bo 
stated that there are obscure traces of reptiles in the Carbon- 
iferons rocks, It is not improbable that evidence will be 
found to substantiate the impression that the roptiles, 
together with but independently of the Amphibians, 
branched off from the Ganoid fishes, or from extinct forms 
related to them, ' 

Order 6, Anura.—The toads and frogs represont this 
order, which comprises tailless Batrachians, with the four 
limbs present, the toes being very long (\lue to tho great 
length of tho calcanons and astragulua), while the body is 
short and broad, the skin soft and smooth, scaloless, thongh 
small plates are sometimes embedded in it, The lower jaw is 
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wenally toothless, ‘The larvae are called tadpoles, and repre-_ 
sent the adult form of the Perennibranchiates, The exter- 
nal gills are in the adult replaced by shorter internal ones, 
Among the lower frogs or arciferous Anura of Cope, te., 
those with the acromial and corocoid bones divergent and 
connected by distinet cartilage plates, are certain forma, 
us Alyles, Pelobates, and Pelodytes, whose breeding habits 
are peculiar and interesting. Tho eggs of Pelodytes are 
deposited in small clusters in the water, those of Pelo~ 
bates in a thick loop. The male of the European Alyles 
ubstetricans winds a string of eggs which it takes from 
the female, and goes into the water, where it remains 
until the young (which have no gills) are hatched. The 
American Scaphiopus, or spade-footed toad, is not known to 
have this obstetrical habit. ‘This singular toad appears sud~ 
denly and in great numbers. It remains but a day or 
two in the water, where it lays its eggs in bunches from 
one to three inches in diameter. The tadpoles hatch 
in about six days after the eggs are laid; their growth ia 
rapid, the young toads leaving the water in two or thrive 
weeks, The croaking of this toad is harsh, peculiar, and 
need not be confounded with that of any other species, 
(Putoam.) As the spsde-footed toads are rarely seen, itl 
possible that they burrow in the soil, like the 
Alytes. Another peculiarity in the reproductive habits. af 
Alytes, Pelobates, Cultripes, and Pelodytes is that 
spawn at two seasons instead of one, and that their larvm, 
like Psoudes (Fig. 437), attain a greater size than those of 
other frogs before completing their metamorphosis. (Cope.) 
Among the tree-toads, Polypedates of tropical Western 
Africa, contrary to the usual habits of frogs, deposits its eggs 
in a mass of jelly attached to the leaves of trees which bor- 
der the shore overhanging a pond. On the arrival-of the 
rainy season, the eggs become washed into the pond ‘below, 
where the malo frog fertilizxes them. Onr common piping 
tree-toud (Hyla Pickeringii Le Conte), about the middle of 
April, in the neighborhood of Boston, attaches her eggs 
simply to aquatic plants. The young are hatched in 
lela 





As an example of a suppressed metamorphosis, due ap~ 
parently to a radical difference in the physical environment 
of the animal, may be cited the case of a tree-toad in the 
island of Guadaloupe, There are no marshes on this island, 
consequently in a species of Hylodes the development of 
the young is direct; they hatch from the eggs which are 
laid under moist leaves, without tails, and are otherwise, ex- 
cept in size, like the adults. On the other hand, a tree-toad 
of the island of Martinique (Hylodes Martinicensis, Pig. 
436) has tadpoles, which it carries on its back. The female 
of Nototrema marsupiatum Dumeril and Bibron, of the 
Andes, hus a marsupium or sac on its back in which the 
young are carried. The Nofodelphys 
of South America has similar habits ; 
for example, the female Opisthodel- 
phys (Notodelphys) ovifera has a dor- 
sal sac a centimetre deep in which 
the eggs are carried. In the young 
of this and of Gasfrotheca also of 
Central America, Peters found traces 
of external gills. The Pipa, or Suri- 
nam toad (Pipa Americana Laurent), 
which has no tongue, neither teeth in uy 
the upper jaw, hus similar breeding The Mart 
habits, In this interesting toad the Siigsceing he you 
young, according to Prof. Wyman, 
are provided with small gills, which, however, are of no 
use to them, as the tadpoles do not enter the water, but are 
carried about in cavities on the back. The eggs are placed 
by the male on the back of the female, where they are 
fertilized. The female then enters the water; the skin 
thickens, rises up around each egg and forms a marsupial 
sac or cell, The young pass throngh their metamorphosis 
in the sacs, having tails and rudimentary gills; these are 
absorbed before they leave their cells, the limbs develop, 
and the young pass out in the form of the adult. 

Tho toad (Bufo lentiginosus Shaw) is exccedingly useful as 
a destroyer of noxious insects. It is nocturnal in its habits ; 
is harmless, und can be taken up with impunity, though it 
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gives out an irritant acrid fluid from the akin, which may 
poison the eyelids. In New England toads begin to make 
their peculiar low trilling notes from the middle to the 20th 
of April; from the latter dato until the first of Juno they 
lay their eggs in long double strings, and the tadpoles (Fig. 
434) are usually hatched in about ten days after the eggs are 
deposited. (Putnum.) 

‘The paradoxical frog of South America (Pseudes para- 
doxa Wagler, Fig. 437, 1, 2, the larva) is remarkable from the 
fact that tho larva is larger than the adult, 3 and 4 repro- 
sent another species of Peendes (P. minuta). 

The highest genus of the Amwra is Rana, of which thore 
are numerous species, our American forms being the bull- 
frog (Rana pipiens Linn.), the Rana palustris Le Conte, or 
pickorel-frog, and the marsh-frog (Rana halecina Kalm). 
They lay their eggs in masses in the water in April, May, 
and the early part of June, according to the latitude. 

While most frogs are eaten by birds, and in such cased are 
preserved from extinction by their nocturnal habits and their 
protective resemblance to the herbage and the bark and Jeayes 
of trees, Thomas Belt records the case of a little Nicaraguan 
frog which is very abundant in damp woods, and “hops 
about in the daytime, dressed ina bright livery of red and 
blue.” Its immunity from destrnction is due to the fact 
that ducks and fowl could not be induced to cat it, owing to 
its unpleasant taste, the sane reason inducing birds to reject 
certain bright-colored caterpillars, which are distasteful to 
thom. 


Cuass 1V.—BATRACHIA. 


Amphibious Vertebrates, with gills in certain adult aquatic forms, all 
breathing air by lunge; the akin of existing apecies naked > with true 
linabs tike those af Magher Vertebrates ; ebull with two occipital condyles : 
Acart with two auricles and one ventricle, Moetly oviparous ; a distinct 
metamorphosis, 


Order 1, Trachystomata,—Body long, ool-like, with persistent gills; 
no pelvic bones or hind tmbes; no maxillary bone, (Sires.) 
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circumscribed as the modern birds, ia without links forming 
genetic bonds allying them all together. In faot, the different 
classes of Vertebrates, as well as of other branches of the 
animal kingdom, form an ascending series, from the more 
generalized, though not always simple forms (numerous 
groups comprising synthetic types), to those which are more 
specialized, i.e, in which separate organs or groups of or- 
gans are elaborated and worked out in great detail. This is 
the tendency all through nature, and were Cuvier himself 
now living, and were he to examine the facts revealed since 
his denth, he would, as many others in advanced life have 
done, cast aside the limited, analytical notions of the past, 
based as they were on fragmentary evidence, and adopt 
the more philosophical principles of classification, based on 
sciences that were in embryo thirty or forty years since, 
‘These reflections have great force in the study of a class like 
the reptiles where there are a larger number (five) of extinct, 
than of living (four) orders, and where the fossil types were 
of a more general, almost embryonic type, and consequently 
gigantic and ill-shapen, showing « tendency to extremes or 
prematurity in development rather than toan equality inand 
maturity of the whole organization compared with their de- 
scendants, A high degree of specialization of type tends 
nearly always in living beings, plants as well as animals, to a 
condensation and higher grade of form. These animals also 
have given & name to the Age of Reptiles, the middlo or 
Mesozoic age of the world, when thoy were the dominant type 
of life. 

The essential charucters of reptiles are the following: As 
regards the skeleton, the bodies of the vertebrw vary in boing 
either biconcave, concave in front, concave behind, or flat 
at each end ; the cup-and-ball yertebre are most common, 
forming a strong and flexible joint well fitted for general 
motion. ‘The ribs are well developed, the sternum is rhom- 
boidal; there are usually, if not always, more than three 
toes. The body is covered with scales ; the blood is cold, the 
heart has in the crocodiles, the highost order, four chambers ; 
two or more aortic branches persist, and certain membranes, 
called an amnion and allantois, envelop the embryo, 
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The vertebral column is now more distinctly marked off 
than inthe Batrachians ; a cervical and lumbar region being 
indicated in most reptiles except the snakes and turtles. Well- 
marked vibe exist in nearly all the vertebre of the trunk, 
except in the turtles, where the so-called ribs are possibly, 

R 


according to Gegenbaur, modified 
transverse processes, 

The skull of reptiles is much “& 
more like that of birds than of # 
Amphibians. There is a single 
occipital condyle, and the lower 
jaw is articulated by the quad- 
rute-bone to the base of the skull, 
‘The primitive skull, or that part 
immediately enclosing the brain, 
has an incomplete roof, but still 
is more bony than in Batrachi- 
ans; while owing to the great 
size of the bones developed orig- 
inally in and from the palato- Hones of the £048) off 


quadrave cartilage, but a small went ie Oleard) Ay oy Rae 
part of the ‘true skull is to be %" San ee an 
secon. The parts forming the Uno the toes 
hyoid suspensorium in fishes (iyomandibular and symplectic 
bones) are, as in the Batrachians, entirely separate from the 
skull. , 

While the limbs are, as a rule, absent in the snakes, the 


foro legs always wanting, in a fow forms, as the pythons, 
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boas, and Torfrices, the pelvis exists in a rudimentary state, 
and attached to it is a pair of rudimentary hind legs ending 
in claws ; in albother existing reptiles the limbs are directly 
comparable with those of birds and mammals, the bones of 
the legs being best developed in the Chelonians (turtles), 
which have nine carpal bones and five fingers in euch foot, 
Certain extinct saurians had paddle-like limbs, others bird- 
like limbs, and still others approached the crocodilian type, 
in which the carpal bones and phalanges become reduced in 
number, In the hind limbs an intermedium (in birds only 
present in the embryo) is united with the fidiale bone to 
form an astragalus or heel-bone. 

The scales of reptiles are very characteristic, though scales 
oxisted on the underside of the body of moat Stegocephalous 
Batrachia. ‘The scales of lizards and snakes are developed 
from the cutis, The large horny plates of Chelonians are 
greatly developed and unite above with the “ribs” to form 
the shell or carapace, while nine large plates below form 
the plastron, 

The teeth are simple, conical, and while in the lizards 
and snakes they may exist on the palatine and pterygoid 
bones, in the crocodiles, where they are implanted in sockets 
of the jaw-bones, they are, as in the mammals, confined to 
the maxillary bones. They are reproduced as fast as they 
are shed. The Chelonians have no teeth, the jaws being, as 
in birds, onclosed in a stout horny case, developed from the 
epidermis. ‘There is a middle and internal ear much as in 
birds, The Now Zealand lizard, Hatteria, is the only reptile 
which has the beginning of a spiral turn indicated in its 
cochlea, which in other reptiles is, as in birds, merely a 
flask-shaped cavity. (Rolleston.) The eyes of reptiles ap- 
proach those of birds, and in both there isan upper and a 
lower movable eyelid besides a nictitating membrane. 

‘True nostrils exist in reptiles for the first time among 
Vertebrates. 

‘The tongue is eithor not extended out of the month, and 
is broad, as in turtles and crocodiles and some lizards, or as 
in most lizards and all snakes it is long, slender, forked, and 
can be darted rapidly out of the mouth, 
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bellum is small, especially in the serpents. In the eroco- 
diles the brain most approaches that of birds, the cerebellum 
being larger than usual in the middle, and in this respect 
somewhat approaching the birds. Corpora striata (which 
are thickenings of the outer walls of the cerebral hemispheres) 
and the anterior commissure of the cerebral hemispheres are 
present for the first time in the vertebrate series. 

The kidneys (Fig. 440, &) are lobulated, yarying in form 
and position, and usually situated near the cloaca, the ureters 
being short and opening into the cloaca, The reproductive 
organs are generally like those of the Batruchians. The 
ovaries lic on euch side of the vertebral column, and vary in 
size with the season, being Jargest during the time of repro- 
duction. The oviducts (Pig, 440,») are voluminous coiled 
canals, which in most reptiles open into the cloaca; in the 
turtles, however, opening into the neck of the so-called 
urinary bladder. After the egg passes into the oviduen it 
is enveloped by the “white” or albumen, which is seereted 
in the anterior part of the oviduct, while the thick-walled 
terminal part secretes the shell. 

The external differences between the sexes is more marked 
than in the Amphibians. According to Darwin, the sexes of 
the Chelonians und snakes differ very slightly ; male rattle- 
snakes are said to be more yellow; in the East Indian 
sas cynodon the male is bright green, while the female is 
bronze-colored. Male lizards are usually larger, while male 
snakes are always smaller than thos of the opposite sex, 
Various appendages, such as crests, warts, horns, ete., when 
present in both sexes, are most developed in the mules, 
while the colors and markings are brighter in the latter sex, 

The moulting of the skin is effected by its being pushed off 
by the upward growth of fine, temporary cuticular hairs. 
On certain parts of the body, as on the underside of the 
capsular skin and seales of the eyes, these hairs do not de~ 
velop. After the skin is loosened, it dries and is rendily 
shuffled off. 

‘The eggs of turtles, like those of birds, are very I 
the yolk mass being greatly developed. "The lizards, , 
and crocodiles lay their eggs in sand or light soil, while th 
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of the iguana are laid in the hollows of trees. Cortain 
snakes, as the vipers, are viviparous, In many snakes and 
lizards the development of the embryo goes on in the egg 
before it leaves the oviduct ; such species are said to be ovo- 
viviparous, the young being born living. The Zntania 
sirtalis, or common striped snake, brings forth its young 
alive, and is probably ovoviviparous rather than viviparous, 
The carly phases of the development of the reptiles, in- 
cluding the origin of the amnion and allantois, is much as 
in the chick. In the turtle, by the time that the heart hus 
become three-chambered, the vertebre have reached the 
root of the tail, the eyes have become entirely enclosed in 
complete orbits, and the allantois begins to grow. The 
nostrils may now be recognized as two simple indentations 
at the end of the head, and at first are not in communica- 
tion with the mouth, but soon a shallow forrow leads to it, 
The shield begins to develop by a budding out laterally of 
the musculo-cutaneous layer along the sides of the body, 
and by the growth of narrow ribs extending to the edgw of 
the ahield, In tho oviparous makes (¢.g., Valrix torguata) 
the embryo partially develops before the ogg ia laid, while 
the young hatches in two months after tho egg is deposited, 
By this time the amnion is perfected, the hvad is distingt, 
d shows the eyeball and ear-sac; also the maxillary and 
mandibular processes. The allantois is about as large as the 
head. The long trunk of the serpent grows in a series of 
decreasing spirals, and when five or six are formed, the rudi- 
ments of the liver and the primordial kidneys are discern- 
‘ible. At the latter third of embryonic life the right lang 
‘appears as 4 mere appendage to the beginning of the loft. 
The reptiles aro essentially tropical and subtropical ani- 
mals ; they are scarce in north temperate countries, though 
erica snakes extend north farther than lizards ; 
in Earope snakes ceaso at 60° north latitude, and at 6000 
foot elevation in the Alps; lizards in Earope sometimes ex- 
tend farther north than snakes, and ascend to an elevation 
of 10,000 feet in the Alps, Reptiles are usually wanting in 
oceanic islands which possess no indigenous mammals, though 
lizards are sometimes found on islands where there are 
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movements of the large ventral scales, which are successively 
advanced, the hinder edges of the scales resting on the 
ground and forming fulcra; resting on these the body is 
then drawn or pushed rapidly forwards. 
~ ‘The brain of serpents is small, much as in tho lizards, the 
sbelinm being especially small and flat, while the cerebral 
ispheres together form a mass broader than long. 
ne more characteristic features of the internal anatomy 
{ snakes is a want of symmetry in the paired orguns, as seen 
¢ absence of a second functional lung, and second pul- 
ry artery, one of the lungs being minute, rudimentary, 
ile the other is very long and large; the trachea ix also 
'y long, while the right ovary is larger than the left and 
d in front of it. The other viscera are 80 arranged as to 

k well in the long narrow body-cayity. 

‘The student should dissect a snake with the aid of the ac- 
companying figure of the common striped snake (2utania 
sirtalis Baird). 

A fow snakes are viviparons, as the vipers ; others are oyo- 
viviparous. In the oviparous Vatrix forquata of Europe, 
the embryo partly develops before the egg ix lnid, while the 

ing hatches in two months after the egg is deposited. At this 

the amnion is fally formed, the head ix distinct, us well 

as the eyeball, and ear sac. The long body grows in a sories 

of decreasing spirals, and when five or six aro formed, the 

radiments of the liver and of the primordial kidneya may be 

detected, while at the latter third of embryonic life, the 

ight lung appears as 4 mere appendage to the beginning of 

the left. The embryo, at the time of hatching, is provided 

with a temporary horny tooth on the snont to cut through 
the egg shell. 

Most snakes conform jn coloration to the natare of the 
soil or places they frequent ; some being, as in the rattlesnake 
of the western plains, of the color of the soil in which they 
burrow ; the little green snake is of the color of the grass 
through which it glides; other are dull gray or dusky, har- 
monizing with the color of the tranks of trees on which 
they rest. Tho poisonons Eiaps of tho Contral American 
forest is gaily and conspicuously entored , indeed can W- 
ford to be brightly colored, as no irds Aare Lo wads K 
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The Salenoglyph poisonous snakes may always be recog- 
nized by their broad, flattened heads, and usually short thick 
bodies. The poison gland of the rattlesnake (Fig. 442, a) is 
a modified salivary gland. ‘The two fangs are modifications 
of maxillary teeth, each of which has beon, 90 to speak, 
pressed flat, with the edges bent towards each other, and 
soldered together, so 3 to form a hollow cylinder open at 
both ends, the poison duct leading into the basal opening. 
When the fangs strike into the flesh, the muscles closing 
the jaws press upon the poison gland, forcing the poison 
into the wound, ‘The poison-fangs are largest in the most 
deadly species, ax : 
the viper ( Vipera), 
the pal adder 
(Clotho), the rat- 
tlesnake, and fer- 
de-lance (Trigono- 
cephalus), but are 
small in the asps 
or hooded snakes 
(Naja). The bite 
of the rattlesnake 
is intensely painful; 
it is best cured by 
sucking, freely lan- 
cing, and bycauter- { 
ising the wound, jp 
and drinking lange 
quantities (at least a pint) of whiskey or brandy, sufficient 
ordinarily to produce insensibility, Deaths from the bite of 
rattlesnakes are not common, while in India it is estimated 
that several thousand people annually die from the bite of 
the cobra—10,000 dying each year from the bite of snakes 
and the attacks of wild beasts. The “rattle” of tho rattle- 
snake is a horny appendage formned of buttonlike compart- 
ments ; the sound made by the rattle, which has been com- 
pared by some to the stridulation of a Carolina locust, or of 
the Cicada, is an alarm note, warning the intruder; tho rat- 
tle is sprang before the snake strikes. Allied to this snake 
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arches of the vertebral column interlocked more extensively 
than in other reptiles except the anakes. They swam rupidly 
through the water by rapid undulations of their bodies aided 
by the paddies The skull was not so strong, though as 
lightas that of the serpents, ‘* While the jaws wore longer, the 
gape was not so extensive as in serpents of the higher groups, 
for the os quadratum, tho suspensor of the lower jaw, though 
equally movable and fastened to widoly spread supports, was 
‘much shorter than in them. But there was 4 remarkable 
arrangoment to obviate any inconvenience arising from these 
points. While the branches of the under jaw had no natural 
connection, and possessed independent motion, as in all ser- 
pents, they had the additional peculiarity, not known else- 
where among Vertebrates (except with snakes), of a movable 
articulation a littl behind the middle of cach. Its direction 
being oblique, the flexure was outwards and a little down- 
wards, greatly expanding the width of the space between 
them, and allowing their tips to close a little, A loose flexi- 
ble pouch-like throat could then receive the entire 
swallowed between the branches of the jaw ; the necessity of 
holding it long in the tecth, or of passing it between the 
short quadrate bones could not exist. Of course the glottis 
and tongue would be forwards,” The order became extinct 
before the ‘Tertiary Period. 

Order 3. Lacertilia. —The oxiating lizards or Saurians are 
the survivors or descendants of a multitude of forms, many 
colossal in size, which characterized the Permian and Meso- 
wic periods; while the extinct forms of reptiles were in 
many cases synthetic types, with affinities to fishes, Am- 
phibians, and even birds. The group as now existing is well 
circumscribed, 

Most lizards have cylindrical bodies, usually covered with 
small overlapping seales, with a long, slender tail, and general- 
ly two pairs of feet, the toes long and slender, and ending in 
claws. They run with great rapidity, and aro active, agile 
creatures, adorned with bright metallic colors, in some cases 
green or brown, simulating the tints of the vegetation or 
soil on which they live ; some are capable of changing their 
color at will, a8 in the chameleon and Anolis; this is due to 
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the shoulder-girdle invariably remains, the Laude wae in 
such cases disappearing; the pelvis being complete, how- 
ever, when the hind limbs are present. @ feet are five- 
toed. The internal anatomy of lizards has already been de- 
scribed and illustrated on p. 493. In the snake-like lizards 
(Anguis) the left lung is the smaller, and in Acontias 
and Typhline it is almost wanting. A urinary bladder, 
wanting in the snakes, is present in lizards. 

‘The lizard lays eggs in the sand or soil; those of the iguana 
are deposited in the hollows of trees. Certain lizards are 
viviparous. 

There are between seven hundred and eight hundred species 
of existing lizards, most of which inhabit tropical or subtrov- 
ical countries ; eighty-two species of lizards inhabit America 
north of Mexico. ‘The earliest lizards date back to the Kim~- 
meridge or middle division of the Jnrussic rocks. 

Reviewing some of the more interesting lizards in the as- 
cending order, we may, passing over the snake-like, limbless 
Amphisbena, and the limbless glass snuke (Opheosaurus), 
first consider the chameleon of the Mediterranean shores, in 
which the eyes are movable with a circular eyelid, and with 
tho five toes in two opposable groupa adapted for grasping 
twigs of trees, It is remarkable for its power of changing 
its colors. The tongue of the chameleon (Fig. 443) is 
capable of extending five or six inches, and is covered with 
a sticky secretion for the capture of insects, as the croa- 
tare itself is very sluggish. The chameleon of onr country 
is the Anolis of the Southern States, and is a long smooth- 
bodied lizard, which can change its color from a bright pou- 
green to a docp bronze-brown. 

The horned toads (PArynosoma) are characteristic of the 
dry western plains; the body is broad, flattened, and armed 
with spines ; its coloration depends on that of the soil it in- 
habits, It will stand long fasts. When Phrynosoma Don- 
glassii of the Northwestern Territories and States is about to 
moult, small dry vesicles appear on the back and sides, ron- 
ning along the horizontal rows of pyramidal scales forming 
the margin of the abdomen. In a day or two the vesicles 
break and desquamation begins, which continues for eight or 
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ing forms, yet they have some affinities with the Batrachia. 
They are distinguished from the other reptiles by the shell, 
the upper part forming the carapace, and the lower the 
plastron ; these two parta unite to form a cass or box within 


_ Tig, Ai Skeleton of Kuropean Terteten, with the plastroa or ander shell removed. 


which the turtle can retract its head and limbs and tail, 
Owing to the presence of the carapace, the doreal vertebra 
are immovable, and the ribs do not move upon the vertebra. 

The bones of the ventral shield or plastron are usually 
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mesentery, and contains three oval eggs, one of which is 
lettered Zy. The oviduct can be followed to its anterior 
end which is much pigmented and has u terminal opening. 
The cut-end of the left oviduct (ond) shows the folds of the 
lining mucous membrane. 

‘The ovary (0) is likewise suspended by a thin membrane, 
the mesovarium, and is equally developed on both sides in u 
complete specimen. It is easily recognized by the numerous 
bulging yellow spheres, of all sixes, which are the ogg-yolks 
in various stagea of development, 

‘The heart of the turtle (Fig. 447) will repay careful dis- 
section, A small round body lies just in front of it; this is 
usually considered the equivalent of tho thyrald gland, 
through its real nature is still un- 
certain. The heart itself (Fig. 447) 
consists of two auricles and one 
ventricle (ven), with an imper- 
fect internal septum. It receives 
the veins upon its dorsal surface, 
and gives off the arterial tranks 
from its ventral side. The two 
auricles are equal in size ; together 
they little more than equal the 
ventricle. ‘The arterial vessels arise 
together a little to the right, and 
are most conveniently described as 
three in number: 1st. The right 
aorta (R Ao) arising on the left; 
2d. The left sorta on the right 
(Z Ao); the two cross near their oh 
origin and curve upwards and back- 
wards, to reunite posteriorly just in front of the retractor | 
muscles, their union forming the single median descending 
aorta; 8d. The pulmonary aorta (pa), which soon divides 
into « branch for each lung. The left aorta gives off a 
branch (d) which persists as 4 mere cord, the remnant of the 
ductus arteriosus, which originally united the aorta with the 
pulmonary artery. The right aorta gives off an fanominate 
branch, that soon divides, and from each division springs 
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the Galapagos Islands, the Masoarine Islands (Mauritius and 
Rodriguez), and also of the Aldabra Islands, lying northwest 
of Madaguscar, aro in some cases colossal in size, the shells 
being nearly two metres (six fect) in length. The fierce Mas- 
carine species were contemporaries of the dodo and solitaire, 
and are now extinct. The bones of extinct similar species 

re been found in Malta and in one of the West Indian 

mds, ‘The land tortoises are long-lived and often reach a 

at age. Certain tortoises of the Tertiary Period, as the 

losvochelys of the Himalayas had a shell twelve feet long 
ix feet high. Tho turtles oxtend back in geological 
¢ to the Jurassic, a species of Compeemys being char- 
ic of the Upper Jurassic beds of the Rocky Moun- 
.  (Marsh.) 

The eggs of turtles, as those of binds, aro of lirge size; 
are baried in June in the sand and left to be hatched 
the warmth of the sun, It is probable that turtles do not 
eggs until eleven to thirteen yeara of age. ‘The develop- 
‘ment of turtles is much as in the chick. By the time the 
heart becomes throe-chambered, the vertebra: develop as far 
as the root of the tail, and the eyes are completely enclosed 
in their orbits. The shield begins to develop as lateral folds 
t the sides of the body, the narrow ribs extending to the 
f the shield, In the lower forms of turtles (the 
ioida), tho paddle-like feet are formed by the bonos of 
becoming very long, while the web is hardened by 
the development of densely packed scales, 80 that the foot is 

nea y as rigid as the blade of an O8r. 

Order 5. Rhynchocephatia.—The only living reprosenta- 
tive of this order is the Sphenodon or Hatteria of New Zea- 
lund; a lizard-like form of simpler structure, however, than 
tho lizards in general, Thix raro’ creature somewhat re- 
sombles an iguana in appearance, having a dorsal row of 
spines. It is nearly a metre (32 inches) in length. In this 
group the vertebra are biconcave ; the quadrate bone ix im- 
movable, and there are other important characters based on 
a study of the living and fossil forms, the latter represented 
by the Triassic Rhynchosaurus and Hyperodapedon, 

Order 6. Ichthyopteryyin.—Vhis order is ontiroly oxtinct, 
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Another form was still more like the turtles, the jaws being 
toothless and enclosed in a nipping, horny beak. In Zys- 
trosaurus (Fig. 450) the head was blunt, the jaws armed in 
front with stout teeth, and behind with canine teeth ; and 
these animals, anticipating in their dentition the lions and 
tigers, were called by Owen Theriodonts (beast-toothed). 
‘These forme lived during the Permian and Triassic times. 
Order 8, Sauropterygia.—The Plesiosaurus is the type 


‘Columelia ; egy, Bet 


 acsand anata the ‘lng ee: “Uinmovomerine + me 
Cope. % i 


a 
‘Bsr sendrahar bons Prom 
of this extinct order. The Plesiosaurs were somewhat like 
tho Ichthyosaurs, swimming by paddle-like feet, but the neck 
was very long, and the head rather small. The largest true 
Plosiosaur was about nine metres in length. They abounded 
during the Jurassic and Cretaceous period. During the lat- 
tor period off the const of New Jersey and in the seas of 
Kansas flourished hage Plesiosaurian reptiles, such as 2laa- 
mosaurus, which had an enormous compressed tail, The 





DINOSAURIAN REPTILES, ns 


Fig. 451) in which the jaws are mach nurrower, is over foar 
and a half metres (14 feet) long. It inhabits the rivers of 
Florida where it is very rare, and also the West Indies and 
South America. The cayman of Guiana belongs to a dis- 
tinct genus, Ciriman, and is characteristic of the rivers of 
tropical South America. 

Order 10. Dinosauria.—We now come to reptiles which 
have more decided affinities as regards their skeleton (the 
only parts preserved to as) to the hjrds, especially the o3- 
triches, than any reptiles yet mentioned ; while the Dino- 
saurs were genuine reptiles, in the pelvis and hind limbs, 
including the feet, they approached the birds. This is seen 
especially in the ischium, which is long, slender, and inclined 
backwards as in birds. In the hind limbs the resemblance 
to birds is seen ; among other points, in tho asoending pro- 
cess of the astragalus, in the position of the farther (distal) 
end of the fibula, and jn their having only three functional 
toes. The fore limbs were shorter and smaller than the 
hind extremities, sometimes remarkably so. Moreover, the 
limb-bones, vertebre, and their processes wero sometimes 
hollow ; the sscram consisted of four or five consolidated 
vertebra, in this respect anticipating the birds and mam- 
mals. They walked with ao free stop, like quadrupeds, 
inatead of crawling like reptiles ; some walked on the hind 
legs alone, making a three-toed footprint, occasionally 
putting down the forefoot, like the kangaroo. The lar- 
gost Dinosaurs were the /gnanodon, which was from ten 
to sixteen metres (30-50 feet) in length, and the Cama- 
rasaurus (Atlantosaurus) which was about twenty-seven 
metres (80 feet) in length. ‘The Cefioxaurus had a length of 
from twenty to twenty-three metres (60-70 feet), The Ha- 
drosourus stood on its ponderous hind legs, with a stature of 
over eight metres (25 feet). These were bulky, inoffensive, 
herbivorous monsters, ablo to rise up on their hind feet and 
browse on the tops of trees; their undue increase was 
provented by carnivorous forms like Lalaps, which wus an 
active, possibly warm-blooded Dinosaur, with light, hollow 
bones, large claws, and serrate, conical tooth. It stood six 
metres (18 fect) high, and could loap a distance of ten 
metres through the air, (Cope.) 
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Rhamphorhynckus had teeth in the back of the jaw, the 
ends of the jaws being toothless and probably encused in 
horny beaks, while in Pteranodon the jawa were toothless. 
They were of different size, some expanding only as much 
as a sparrow, others with a spread of about nine motres (27 
fect). They were contemporaries of the Dinosaurs, several 
forms, discovered by Marsh, occurring in the Cretaceous 
beds of Kansas, 


: 
Cuass V. REPTILTA, 


Air-breathing Vertebrates, with limba tawally ending tn clases; limbs 
sometimes absint, rarely paddle-abuped ; body scaled ; rw well deeetoped ¢ 
“heart in the highest forms four-chambered ; cold Wooded ; an incomplete 
double cirewlation ; orlparows > eggs large; embry) with an amnion and 
allantois ; no metamorphosis, 


Order 1. Ophidia—Body long, cylindrical, usually Hmbless; no aboal- 

der girdle, (Euvenia.) 

Order 2. Pythonomorpha,—Extinct, snake-like, limbs padidle-shaped, 

(Moeasauras.) 

Order % Lacertitia, —Body with long tail; usually foar limbs; mouth 

not dilatable, the bones of the jaw being firm, (Scoteporus) 

Order 4. Chelonia.—Boly enclosed in a thick abel}, within which the 

hoad and Limbs can be withdrawn, (Testuio,) 

| Order 5. Rhynchovephalia.—Lizard-like ; vertebrae bi-coneave, species 

miatly extinet. (Splenodom,) 

Order 6, Tehthyopterygia—Head large, orbite large; Hmbs paddle. 
ehuped ; extinct forms. (Icthyosaurus } 

Onter 7, Theromorpha.—Mammal-like ssarians with solid pelvis and 
shoulder-gindle, and with canines, or toothless amd. beaker, 
(Dieywodon,) 

Order 8. Ssuropterygia.—Extinet colossal snurians, with long necks, 
head of moderate size. (Elasmosauras.) 

Order 9, Orocoditia. Thick -scaled; heart four-chamberod, (Croco- 
dilux.) 

Order 10. Dinonawria,—Colomsal extinct saurians, capable of sislng 
and realing on the hind legs, and making threo-toed tracks. 
(Usdrosaurar.) 

Order 11, Pterosauria—Kstinet flying: sauriana, with the fore limbs 


large and n very loag ulnar finger; toothed or toothless, 
(Preredactylan) 
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form wings, serviceable in nearly all cases for flight, There 
ure never more than three digits in the hand, two of them 
usually much reduced, and none of them bearing claws 
(with rare exceptions); nor more than two separate carpal 
bones in adult recent binds; nor any separate interclavicle ; 
the clavicles are normally complete, and coalesce to form a 
“merry - thought.” The sternum is large, and usually 
keeled (the only exception among recent forms being the 
struthions birds); it ossifies from two to five or more centres, 
and the ribs are attached to its sides. Tho skull-articulates 
with the spinal column by a single median convex condyle, 
developed in connection with a large ossified basi-occipital. 
The lower jaw consists of several pidces, articulated by a 
quadrate bone to the skull, and in all recent birds both jaws 
are toothless and encased in a horny beak, The bodies of 
at least some of the vertebrw of recent birds have sub-cyclin- 
drical, articular faces ; whon these faces are spheroidal, they 
are opisthooelian, but some fossil forms are amphicolian. 
‘The proper sacral vertebrw have no expanded ribs abutting 
against the ilia. The ilia are greatly prolonged forwards ; 
the acetabulum is a ring, not a cup; the ischia and pubes 
are prolonged backwards; there is no ischial symphysis ; 
there may be a propubis; a process of the astragalus carly 
anchyloses with the tibia. The incomplete fibula does not 
reach the ankle-joint; there are not more than four digits, 
the normal nombers of phalanges of which are 2, 3, 4, 5. 
‘The 1st metatarsal is incomplete above; the 2d, 3d and 4th 
anchylose together, and with the distal tarsal bone unite to 
form a tarso-metatarsus. The heart is completely four-cham- 
bered ; there is but one aortic arch (the right), and but one 
pulmonic -trank from the right ventricle; the blood is red 
and hot. The large lungs are not free in the cavity of the 
thorax, but fixed and moulded to the walls of that cavity ; 
and in all recent birds the largor air-passages of the lungs 
terminate in air-sacs More or fewer of the bones are 
usually hollow, and permeable to air from the lungs. ‘There 
is at most a rudimentary diaphragm. The eggs are very large, 
in consequence of a copious supply of albuminous substance, 
in the form of yolk and white, and are enclosed in a hard 
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caleareous ehell ; there is an amnion and allantois, and no 
metamorphosis after hatehing. 

‘The external form of birds is very persistent ; the different 
parts of the body have been named in terms of continual uso 
in descriptive ornithology. Hence, without entering into 
details, we reproduce from Coues’s “Key” his figure of the 
topography of a bird. 

‘The student, after a careful study of the external form, 
should prepare a skeleton of the common fowl, or examine one 
already at hand, and observe those characters peculiar to birds, 
‘The skull is formed of bones consolidated into a more roomy 
brain-box than in any reptiles, unless it be the Pterosaurians. 
In the parrots the beak of the upper jaw is articulated (Pig. 
453, n) to the skull, so that the movement of the beak on the 
skull is unusually free. The 
quadrate bone (Fig. 453, e) is 
usually movable on the skull ; 
and in the parrots when the 
mouth opens the upper jaw rises, 
since when the mandible is low- 
ered, the maxillo-jugal rod 
or bar (Fig. 453, /) pushes the 
premaxilla (22) Sita sind ena’ va te 
forwards, ‘This is a constant fea~ {ilejnent b Frontal bowet 
ture in recent birds, the degree ff 3 
of motion which this peculiar 
mechanism allows being variable, 

The form of a bird’s vertebrw is peculiar to the class; the 
articulation of the body (centrum) in all the vertebra in 
front of the sucram being saddle-shaped. “In Strigops 
and a few other land birds; in the penguins, the terns, and 
some other aquatic birds, one or more vertebra in the dor- 
sal region are without the saddle-shaped articulation, and 
are either opisthocalian, or imperfectly biconcave.” (Marsh) 
In the fossil Jchthyornis, which had » powerfal Might, the 
vertebre: are bi-concave, as in fishes, and Amphibians, and 
4 fow reptiles ; but the third cervical shows an approach to 
the saddle-vertebrw of all other birds, Tho «uddle form 
renders the articulation strong and frec, and especially 
adapted to motion in # vertical plane. (Mares.) 
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While the sternum of the cassowaries 
binds (2atite) is smooth, approaching 
of the higher living Uirds is keeled 0 
ers); hence these 
nate ; to this keel and neig 
the muscles which raise and 
are attached. 


the radius, and there are only two carpal 
bones, one radial, the other ulnar, in ad 
recent birds. The hand in the Apteryz and 
'g., a Siermnm cassowaries has bat one complete digit, 
+ while in other birds there are dig 
gen Which probably correspond to the # 
second, and third fingers of the human 
hand. The wings are attached to a strong 
which consists of the two collar bones, uniting to form 
wish-bone, and of acoracoid bone and scapula. 


Pig. 435- Tsht win hones of ayoung Chicken. soul 
etre: D.tp of tdnd oe 3 oer aa verde - 

Bowe :'e cuneiform beme ‘pink oh 

Melacarpal 


The pelvis of birds is remarkable for the long 
wardly projecting ischium and pubic bones; there 
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no bony union of the two pubic bones, nor do the ischia 
unite with the sacrum or each other, except in Rhea. In the 
ostrich, the pubic bones are solidly united. The hind limbs 
(Fig. 456) are two, three, or four toed, the ostrich having 
but two digits ; in most four-toed birds, one toe (the hallux) 
is directed backwards, while in the parrots and trogons, 
otc., there are two toes in front and two toes behind, and 
in the swifts and certain other forms all 
four toes are turned forwards. The bones of 
the skeleton are dense and hard; both the 
long bones and the bones of the skull are 
commonly hollow, containing air; theair-sacs, 
in connection with the lungs, communicating 
with the hollows of the bone. In some birds 
which fly well, only the skull-bones have air- 
cells, while in the ostrich which is unable to 
fly, the bones have even a greater number of 
cavities than the gull. The body during 
flight is thus greafly lightened, and the bird 
can sustain itself in the air for many hours in 
succession. 
With all these characters, the most re- 
markable and diagnostic external feature is 
the presence of feathers; no reptile on the 
one hand, or mammal on the other, is clothed 
with feathers, though the scales on the legs 
and feet of birds are like those of reptiles, 


are fundamentally modified scales or hairs. 

The ordinary feathers are called pennm or sce, the sae 
contour feathers ; as they etermibas ty thoir cee vt: 
arrangement the outline of the body. ‘They fom *Ance degen: 
are, like hairs, developed in sacs in the skin; ™"” 

the quill is hollow, partly imbedded in the derm ; this merges 
into the shaft, Jeaving the outgrowths on each side called dards, 
which send off secondary processes called darbules. These 
tertiary processes (called barbules and hooklets) are com- 
monly serrated, and end in little hooks by which the bar- 
bules interlock. Down is formed of feathers with soft, 
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free barbs, called plumules. Over the tail-bone 
usually sebaccous glands, which secrete an 


of the skin called “* combs” 
Ast atonal sain core: and “ wattles.” : 
Cuediliccane ‘Tho brain is much: 
than in the reptiles, 8 
cerebral hemispheres being greatly increased in 


the cerebellum is transversely furrowed, and is 60 ee 


mee as 
it dilates 


seed-cuting i 

in the raptorial birds, into a 

lateral sac called the 

gluvies). The stomach is di- 

vided into tw parts, the first, 

the proventriculus, which ia 

glandalar, secreting a digest- 

ive fluid; and the second, 

which corresponds to the pylo- 

rie end of the stomach in the 

mammuls, is round, with mus- 

cular walls, especially develop- 

ed in seed-eating birds, and 

called the “ gizzard.” In the 

fowl the gizzard is lined with a 

a firm horny layer, by which ™ 

the food is crashed and eee thus taking 
of teeth. The intestine {including the large and small it 
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tine) is long and ends in a cloaca, which receives the ends 
of the urinary canals and oviduots, Attention should be 
given to the trachea ; its bronchial branches, the larynx and 
thesyrinz or lower larynx, which may be developed either 
at the end of the trachea, or at the junction of the trachea 
and bronchi, or in the bronchi alone. The thymus gland 
(Fig. 458, th) is vory large and long, while the thyroid (t) is 
asmall, oval mass situated at the beginning of the bronchi. 

The following account and drawings of the anatomy of 
the pigeon bare been prepared from original dissections by 
Dr. 0. S. Minot. Ax pigeons are one of the most readily 
obtainable and convenient types of birds, the following 
description of the anatomy of a male is givon as illustrative 
of the class, those peculiarities being especially noticed by 
which birds are distinguished from reptiles and mammals. 

Before dissecting a bird, it must be carefully plucked ; 
this operation is much facilitated by dipping the animal in 
boiling water for a few minutes. The limbs and muscles of 
one, best of the left, side are to be removed ; the powerful 
pectoral muscles cut off close to thoir attachment to the 
keel of the breast-bono, and the ribs then ent away, care 
being taken to avoid injuring any of the internal organs, 
most of which will now be displayed im sift nearly as shown 
in Fig. 459, which represents » dissection carried somewhat 
further. 

The skin (Fig. 459, Z, from the neck) is characterized by 
the presence of numerous ridges which cross one another, 
#0 as to enclose quadrilateral spaces ; at the intersections 
of the ridges are small pits im which the feathers are in- 
sorted. 

The digestive canal begins in tho horny bill with three 
openings, one the large gape or mouth, and two oblique 
elongated nasal clefts (m), through which respiration is or- 
dinarily alone effected. It then oxtonds backward under- 
neath the base of the skull, where it splits into the asopha- 
gus and trachea, two large tubes which ran down the front 
of the neck, the owophagus on the right and the trachea 
on the left. Just below the head the trachea lies, in its 
normal position, in front of the msophagus, though in most 
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Each lung has upon its outer and dorsal surface five trans- 
verse depressions, corresponding to as many ribs. The 
bronchi and pulmonary blood-veasels enter togethor tho 
anterior third of the lungs, and follow one another in their 
ramifications, but the bronchus traverses the lungs, giving 
off numerons branches, and opens into the abdominal air- 
sac, while upon the surface of the lungs there are small 
openings communicating with the remaining air-sacs. 
These structures the student had best tear through and 
altogether neglect in his first dissection. The air-sacs are 
thin-walled bags, nine in number: three near the clavicle, 
four in the thorax, and two in the abdomen ; their ramifi- 
cations extend even into the bones, most of which are ac- 
cordingly found to be hollow. This striking organization 
is one of the most characteristic peculiarities of birds, and 
serves to lighten the body by filling large spaces with warm 
air, besides fulfilling certain other less obvious functions. 
In many chameleons and some Geckos the Inngs have di- 
vertioula or offshoots, which foreshadow the air-sacs of 
birds, 

The alimentary canal consists of seven parts: the s- 
ophagus, crop, glandular and muscular stomachs, large and 
amall intestines, and cloaca, The msophagus extends about 
three fifths of the way down the right side of the neck, and 
is approximately of the same diameter as the trachea, with 
regard to which, as before mentioned, it lies symmetrically. 
It opens into.the crop (Cr), a thin-walled sac, which fills 
the triangular space between the base of the neck and the 
keel of the sternum, and forms a large part of the curved 
outline of the breast, In the specimen figured, the left half 
of the crop has been removed to show the irregular folds 
upon the inner surface, the deep lateral pouch and the 
three posterior longitudinal folds of one side, which serve 
to gnide the food onward to the stomach. As shown in 
Fig. 459, D, the crop (Cr) ends just to the right of and 
above the trachea, in a dorsally-placed, narrow tube, that 
reaches to the origin of the bronchi, and there gradually ox- 
pands into the glandular stomach, which cannot, however, 
be seen in a general dissection, while the heart, lungs, and 
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opening into the upper part, while the longer duet, after 
uniting with that of the pancreas, opens into the lower part 
of the duodenum. 

The length of the neck in birds is never less than the 
height at which the body is carried from the ground ; the 
number of rertebre entering into its formation varies from 
9 to 24(swan); in the pigeon there are twelve, accompanied 
by 4 corresponding number of spinal nerves, the branches of 
which may be observed immediately underneath the skin. 
The main mass of the neck is composed of the vertebral col- 
umn and muscles, the trachea and asxophagus. On cither 
side of the base of the neck, in close proximity to tho trachea 
and carotid artery, is a small oval white body, the thyroid 
gland (77), at first developed as an evagination of the fore- 
gut, but afterward becoming » closed and ductloss sac, 
which is found in the majority of vertebrates, but the use of 
which to the organism is entirely unknown. Above the thy- 
roid lie the carotid artery and jugular vein, the main vaa- 
cular trunks of the head and neck. The right jugular vein 
is usually the largest. Along the side of the neck, above 
the trachea on the left and the asophagus on the right, lies 
the elongated thymus gland (7m), drawn somewhat dia- 
grammatically ; this gland forms part of the lymphatic sys- 
tom, and in minute structure resembles the sploen. 

The heart (//f) lies immediately below the lunge and 
against the sternum, with its apex between the two lobes of 
the liver pointing obliquely downward and backward ; it 
is enclosed in a thin membranous bag, the pericardium, 
which ix filled with serous fluid and attached to the roots of 
the main vascular trunks. To study the heart, it must bo 
excised, taking the greatest care to leave as much as possible 
of the vessels, especially the large veins behind, in conneo- 
tion with it. Viewed from behind (Fig. 459, 0), the heart 
is seen to be composed of four chambers, the two anterior 
ones, the auriclos, being theamallor, The loft auricle receives 
upon its dorsal side the opening of the united pulmonary 
veins (Po), one from each lung ; the right auriclo is larger 
than the left, and receives in its upper portion the right vena 
cava superior (Vad); in its lower portion the left vena 
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ureters. In neither sex in birds are the genital ducts pro- 
vided with accessory glands, 

As usual among birds, the head is approximately top- 
shaped. The eyes are very large and much exposed, aa be- 
comes evident upon dissecting off the skin as in the figure. 
‘The external car isa more circular opening, entirely covered 
during life by the feathers, The side of the cranium may * 
be removed soas to expose the brain, with the large smooth 
cerebral hemispheres (C), the convoluted cerebellum (C2), 
and the much smaller medulla (Md). To study the brain 
satisfactorily, it must be removed from its caso. A view of 
it from the side is given in Fig. 459, A, and a view from 
above in the same figure at B. The medulla oblongata 
(4D) appears as hardly more than the enlarged upper end 
of the spinal cord ; upon its dorsal surface thoro is a trian- 
gular depression IV, the fourth ventricle, which is par- 
tially concealed by the cerebellum (Cb), a large mass mark- 
ed by transverse ridges and imperfectly divided into three 
lobes, thus exhibiting, both in ita size and its complication 

Sse structure, a great advance over the reptiles. The corpora 
quadrigemina or bigemina* (Q) project as two large lobes far 
out on the sides and down the base of the brain ; their posi- 
tion and great size sre characteristic for the whole class. 
Tho optic thalami, which intervene between the bigemina 
and the hemispheres, are relatively small ; they enclose the 
third ventricle and haye a funnel-shaped downward exten- 
sion, to which tho pituitary body is attached, as to stalk, 
The cerebral hemispheres (He) form more than half of the 
whole brain ; their surfaces aro entirely without convolu- 
tions, but each hemisphere has # stnall projection, the olfac- 
tory lobe (Ol), upon ita sntorior and inferior oxtremity, 
Tho cavities of the hemispheres or the lateral ventricles are 
very large and extend also into the olfactory lobes, The 
greatly thickened inferior walla of the hemispheres are 
termed the corpora striata, Birds differ from mammals in 
having only a rudimentary fornix and no corpus callosum. 
‘The description of the cranial nerves is purposely omitted. 


* Also called the optic lobes, middle brain, and mesencephalon. 
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SONGS OF BIRDS. 


some birds moult twice and thrice. Tho quill-feathors (rom- 
iges) are usually shed in pairs, but in the ducks (Anatide) 
they are shed at once, 60 that theso birds do not at this 
time go on tho wing, while the males pat off the highly- 
colored plumage of the days of their courtship, and as- 
sume for several weeks a dull attire. In the ptarmigan 
both sexes not only moult after the breeding season is 
over into a gray suit, and then don a white winter suit, 
but also wear a third dress in the spring, In the northern 
hemisphere the males of many birds put on in spring 
bright, gay colors. Othor parts aro also shed ; for example, 
the thin, horny crests on the beak of a western pelican (Peli- 
canus erythrorhynchus), after the breeding season, are shed 
like the horns from the head of deer. Even the whole 
covering of the beak and other horny purts, like those 
about the eyes of the puffin, may also be regularly shod. 
‘The variations in the frequency, duration, and completeness 
of the process are endless. 

As a rule, male birds are larger and have brighter col- 
ors, with larger and more showy combs and wattles than 
the females, as seen in the domestic cock and hen ; and the 
ornamentation is largely confined to the head and the tail, 
as soon especially in male humming-birds, Mr, Darwin has 
adduced a multitnde of examples in his Descent of Man, 
Vol. 2. Sometimes, however, both sexes are equally orns- 
mented, and in rare cases the female is more highly colored 
than the male; she is sometimes alao larger, as in most birds 
of prey. There is little doubt that the bright colors of malo 
birds render them more conspicuous and to be more readily 
chosen by the females as mates, for in birds, as in higher 
animals, the female may show a preference for or antipathy 
against certain males. Indeed, as Darwin remarks, when- 
evor tho sexes of birds differ in beauty, in the power of sing- 
ing, or in prodacing what ho calls ‘* instrumental music,’” 
it is almost invariubly the male which excela the female, 

The songs of birds are doubtless in part sexual calls or 
love-notes, though birds also sing for pleasure. The notes of 
birds express their emotions of joy or alarm, and in some 
cases at lenst the notes of birds seem to convey intelligence 
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Whilo in formor times existing birds were divided into a 
Jarge number of “ orders,” these are now known to be sub- 
divisions of the two sub-classes Refifm and Carinala, and 
probably in many cases should be honored only with the rank 
of sub-orders. The discovery of the Archaopteryx and of 
birds with teeth and biconcave vertebra has essentially mod~ 
ified prevailing views aa to the classification of birds. 

Sudb-class 1, Saurura,—The oldest bird, geologically 
speaking, is the Archeopteryx (Fig. 460) of the Jurassic 
slates of Solenhofen, Germany, This was a bird about the 
size of a crow, the tail being 22 cent. (8-9 inches) long, but 
longer than the body, supported by many movable vertebras 


Pig. 400.— Restoration of ArcAaepterye macrura,—Afier Owen, from Nteholon. 


and covered with feathers in distichons series, not in the 
shape of a fun. ‘The jaw-bones were long, and contained 
conical tecth. The heud, shoulder girdle, and fore limbs, 
with their three digits, wore reptilian in form, (Vogt.) In 
these respects and in the long tail the creature served as a 
connecting link between the reptiles, such as the bird-like 
Compsognathus,and the existing birds, The hind logs and 
wings have the ordinary bird stracture, though the metacar- 
pal bones were not co-omsified; the foot consisted of throw digits, 

Sub-class 2, Odontornithes,—Still another connecting link 
between the reptiles and birds has been discovered by Marsh 
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mazimus, of Madagascar, supposed by some to be the roc 
of the Arabian Nights’ Tales. Of this colossal bird, remains 
of the skull, some vertebrm, and a tibia 4 cent. long, have 
been found. The single egg discovered is of the capacity of 
one hundred and fifty hens’ eggs. 

To this order belong the three-toed cassowaries of the 
East Indies and Australia, and the omeu of Australia ; both 


Mol —Moa, Palapterya, with three Kiwbilwi binks —Afier Hochstetter, trem 
makes Looiogy. 


of these birds are about 2 metres (5-7 feet) high. ‘The 
South American ostrich (Rhea Americana) with three toos to 
each foot, is a smallor bird, standing 1-3 metres high, ran~ 
ning in small herds on the pampas. The two-toed ostrich 
(Struthio camelus Linn.), of the desorts of Africa and 
Arabia, now reared for the feathers of its wings and tail, so 








DIVING BIRDS. 


an ostrich, lived in Texas and New Mexico, part of a leg- 
bone having been found on the San Juan River. 

Sub-class 4, Carinata.—Al other living birds belong to 
this group; they ure remarkably homogeneous in form 
und structure, and the subdivisions may be regarded as 
orders. They are characterized by the keeled breast-bone 
or sternum—the wings, as a rule, being well developed. 

The diving birds (Pygopodes) are ominent as swimmers, 
and comprise the penguins, anks, puffins, grebes, and loons. 
The penguins are confined to the antarctic regions. ‘They 
are large birds, and form a characteristic element in a Pata- 
gonian landscape. ‘The bones are solid, not light and hol- 
low, as in other birds; the wings are small, paddle-like, 
with scale-like feathers ; on shore they have an awkward 
gait. They lay but a single egg, and some species do not 
lay their ogg on the rocks, but bear it about in a pouch- 
like abdominal fold. The penguins, however, differ so 
much from the other divers that they are now often ranked 
as a separate group of this grade, called Sphenisci. 

The guillemots and auks are characteristic arctic birds 
ranging from Labrador northward, and have great powors 
of flight. The gare fowl, or great 
auk (Alea impennis, Fig. 462), is 
nearly or quite extinct, being un- 
til lately confined to one or two 
inaccessible islets near Iceland, 
where it has boon extinct since 
1844, and to Labrador, though 
formerly it ranged from Cape 
Cod northward, a few survivors 
haying lived on the Funks, an 
islet on the eastern const of New- 
foundland, within perhaps thirty 

irs, 

The loons are well known for 
their large size and quickness in “ 
diving. They are migratory, laying two or three eggs in 
rushes near the water's edge. 

The petrels, gulls, and terns (Fig. 463, roseate tern) rep- 


Fig. Mil —Rosento Teen.—Prom 
‘Teawey's Loalogy, 








Pig. WA.—Sooty Albatrom. Pro 
‘These birds are succeeded in the 


tropic-bird, frigate or man-of-war bi 
bird, the Corr tse 
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hundred small fishes. In the East Indies, pelicans are 
tamed and used by the natives in fishing, as in the cormorant 
in China, while in early times it was in England. 

The ducks and geese (Lamellirostres) have usually broad 
bills furnished with lamellate, teeth-like projections. The 
feet are palmated, adapted for swimming rapidly. In the 
mergansers the bill is narrow and more strongly toothed. 
‘The eider duck (Somateria mollissima) breeds from Labra- 
dor around northward to Scotland, plucks its down from its 
breast, building with it a large loose warm nest under low 
bushes on the sea-coast, where it lays three or four pale 


Fig. 46.—Sammer Duck —From Coucs" Key. 


dull green eggs. The canvas-back (Fwligula vallisneria) 
feeds, as its specific name implies, on the wild celery ( Val- 
lisneria) on the middle Atlantic coast in winter, whence it 
derives its delicious flavor. The summer duck (Aix sponsa, 
Fig. 465) breeds in trees, The original source of our do- 
mostic duck is the mallard, or Anas boschas. It is known 
to cross with various other species. Upward of fifty kinds 
of hybrid ducks are recorded, some of which have proved 
to be fertile (Coues), The black duck (Anas obscura) is 
abundant on the shores of Northeastern America, and is fro- 
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Allied to the gallinules is the “ giant '’ or Gallinula (Le- 
guatia) gigantea of Schlogel (Fig. 467), which formerly lived 
in the Mascarene Islands, having been observed as late as 
1694. Itstood two metres (over six feet) high. With it was 

associated a large blue gulli- 

nulo—Porphyrio (Notornis?) 

carulescens Selys—which was 

last seen on the Isle Bourbon 

between 1669 and 1672, It 

was incapable of flight, but 

ran with exceeding swiftness, 

The cranes are of great 

stature, the legs and neck very 

ots, 42—Lene-billed Curiew.—¥rom long, with the head sometimes 

" curiously tufted. With the 

true herons are associated the night herons and the bitterns 

of the United States, the boat-billed heron of Central Am- 

erica, and the odd Baleniceps rex of Africa, which has an 

enormous head and broad, large bill. The herons are sue- 

ceeded by the singular spoon-bills represented by the rose- 
ate spoon-bill, and which, with 
the wood Ibis and other species 
of this group, adorn the swamps 
and bayous of the South Atlan- 

tic and Gulf States. 
The shore-birds, or the cur- 
lews (Numenius longirostris, 
Fig. 468), plover, sandpipes, 
peeps, snipes (Gallinago Wil- 
sonti, Fig. 469), woodcock, and 
stilt. (Himantopus nigricollis, 
Fig. 470), are long-legged, long- 
billed birds, going in flocks by 
the seashore or river-banks, 
sometimes living inland on low 
plains ; they are not, generally speaking, nest-builders, the 
eggs being laid in rude nests or hollows in the ground. 
They feed on worms, insects, and snails, either picking 
them up from the surface or boring for them in the mud or 
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sand, or forcing the vermian food ont of their holes by 


Wig. 470.—Seilt,—From Cowes" Key. 


stamping on the ground. 
Connecting in some degree 
the waders and gallinaceous 
fow] are the bustards of the 
Old World, certain 
exotic birds, especially 
horned screamers represented 
by a very rare bird, the Pala- 
medea cornuta Linn., which 
has sharp horns on the wings. 
The form of the i 
ceous birds, formerly called 
Rasores, from their pooulinr 
habit of scratching the ground 
for food, is readily recalled 
by « simple enumeration of 
the partridge, Oreortyx (0. 


Fig. 471), quail (Ortyz), ptarmigan (Lagopus, Pig. 
nated grouse or prairie hen (Cupidonia cupido), 


, Canada grouse 
or spruce partridge (7e- 
trao), and wild turkey 
(Meleagris), a3 well as the 
exotic forms, the pheasant 
of the Old World, the use- 
ful hen or barn-yard fowl, 
which is a descendant of 
Gallus Bankiva 
minck, of India. ‘These are 
allied to the argus-pheasant 
and the peacock, the latter 
rivalling the humming- 
birds in its gorgeous plum- 
age. The guinea-hen is 
an African bird. To this 


group belongs the curious _f 


mound-bird (Megapodiue), 


of Australia and New Guinea. 


Pig. 471, —Plumed Partridge, Tress Conew 


Tt heaps up a large mass of 
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mice and other small nocturnal animals, ejecting from the 
mouth a ball of the indigestible portions of their meal. 
The little burrowing owl of the western plains (Spheotyto 
cunicwlaria, var. hypogea) consorts with the prairie dogs and 
rattlesnakes, nesting in the holes when desorted. ‘Their 
rusty, dull hues assimilate them with tho color of the soil 
they inhabit. Our largest owl is the great gray owl (Syr- 
nium cinereum) ; it isnearly } metre (24 feot) in Jongth, and 


Vig. 478. —Carotien Parrequet.—From Cones’ Key, 


is an inhabitant of Arctic America, A visitor in winter 
from the Arctic regions is the snowy owl (Nyctea nivea), 
which is nearly §m.,or two feet long, Tho great horned 
owl! (Bubo Virginianus) is about the same size as the snowy 
owl, bat has two conspicuous ear-tufts, adding to its height 
and its general impressiveness as a bird of more than ordi- 
nary sagacity. 

Of more intelligence and gifted with the power of speech 
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and tho bill is straight and strong. The tongue is long, 
flat, horny, and barbed at the end, and can be usually darted 
out with great force, so that the bird can make holes in the 
bark of trees and draw out the larvw of insocts boring under 
the bark ; in this way these birds render us signal service. 
‘The tongue, as in all vertebrates, is supported by the hyoid 
apparatus, especially by two cartilaginous appendages to the 
hyoid bone, called “ the horns.’” These in the woodpeckers, 
when fully developed, are curved into wide arches, cach 
horn making a loop down the neck, and thence bending 
upward, sliding around the 
skull, and even down on the 
forehead. Through a peculiar 
muscular arrangement of the 
sheaths in which the horns slide, 
they can be retracted down on 
the occipat, and work az springs 
on the base of the tongue, forc- 
ing it out with great velocity. 
Lindahl has noticed in some 
European woodpeckers an asym- 
metric arrangement of the horns 
as indicated in Fig. 474. 
‘The second group, the Cuewif, 
comprise the hoopoes, horn-bills, 
kingfishers, toucans, and cuck- 
oos. ‘These are succeeded by 
the Oypseli, embracing the hum- Zig, ¢3-~ NleMhawk. — Prem 
ming-birds, goatsuckers, swifts, 
nighthawk (Chordoiles Virginianus, Fig. 475), and whip- 
poorwill, which have long pointed wings, great powers 
of flight, small weak feet, and, in the humming-birds, 
long slender bills. ‘The latter are peculiar to Amorica, 
being chiefly confined to Sonth and Central America, only 
one species (Trochilus colubris Linn.) extending into the 
Eastern United States, though a dozen or more species oc- 
cur inthe Western United States, and very many in Mexico, 
The highest group of birds, those which sing, are the 
Passeres or perchers. In these birds the feet are adapted for 
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478), the crow, and blackbird, so useful a bird, notwith- 
standing its mischievous propensities; the oriole, whose 


Fig. 479.—Butcher-bird —From Cones’ Key. 


le hanging nest, brilliant colors, and lively song render it one 
a interesting birds ; while the reed-bird of the 
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‘ 

South or bobolink, as it is called in the North, wakes up the 

meadows with his lively notes, The finches with their 

conical beaks are succeeded, in the ascending series, by tho 

English sparrow, a bird useful in the cities in destroying 
canker-worms, but a nuisance in 
the country. Our song-sparrow 
(AMelospiza fasciata) is widely 
distributed, and everywhere 
commends itself by its pleasant 
notes, Quite opposed in its 
habits is the butcher-bird or 
shrike (Fig. 479), a quarrelsome, 
rapacious bird, which feeds on 

CoE Gag Wertins Virws—From insects or small mammals, often 
impaling them on thorns or sharp 

twigs, and leaving them there, The group of vireos or 

greenlets (Fig. 480) are peculiar to America ; their bills are 

hooked, with a notch at base ; they are warblers, The wax- 

wing (Ampelis cedrorwm, Fig. 481) is the type of an allied 

family. The swallows and 

martins are interesting from 

the change made in the nest~ 

ing habits of the more com- 

mon species which rear their 

young in artificial nests or 

in barns, or under the eaves 

of buildings. 

Another group character- 

istic of North America is 

the warblers, Dendraea (D. 

virens, Fig. 482) being the 

representative genus. On 

the other hand, the larks 

are an Old World assemblage oR SY Setinn Waring Prom 

of birds, but few species - 

occurring in this country, while the wrons (Fig. 483) are 

mostly restricted to America. 

‘The smallest bird in the United States, except the hum- 
ming-bird, is the gold-crested kinglet (Reynlus satrapa 
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Lichtenstein), which is loss than 9 cm. (2} inches) in longt 
Lastly come the blocbird, the melodious thrushes, and 


Pe OE — Bane corm Gown Werte — Prom Cowes’ Keg. 
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OLASSIFICATION OF BIRDS, 


Ctass VIL—AVES, 


Feathered Vertebrates ; pies orrtiaten Se atveen fleet 
the fore-limbs forming wings; warm-tooded ; Fy 
lungs with accessory air-saca ; Pi ep toes a nn pars 
very large, covered by a calcareous shell. 

Sub-class 1, Suurura,—Tall as long aa the body; head and fore limbs 
reptilian ; with feathers, somles, and teeth, (Archwopteryx.") 

Sub-class 2. Odentornithes—Vertebr biconcave, or a8 usual ; jaws 
slender, with teeth implanted in sockets or in grooves; meta- 
carpals co-ossified ; sternum keeled or unkeoled ; wings well 
developed. (Iebthyornia) 

Subclass 8, Ratite.—Sternum smooth ; wings radimentary, (Strathlo) 

Subclass 4, Carinata,—Sternum keeled ; wings well developed. (Tur- 
dus, 


Laboratory Work.—The student should prepare a skeleton of » hes or 


any other bird, and compare it, and expecially the skull and limba, with 
thote of a reptileand a mammal, In dissecting a pigeon or fowl, at- 


tention should be given to those points previously Indicated In which 
birds diverge from reptiles on the one band and mammals on the other, 


Crass VIL.—Mawmanta (Mammals). 


Gonoral Characters of Mammals.—In the mammals, which 
begin with the duck-bill, a creature in some respects re- 
minding us of the birds, and end with man, we observe, 
as compared with birds, an increased complexity of struo- 
ture ; and in the nature of the work done by the different 
organs, we may see 4 constant tendency to a development 
of parts headward, so that the head becomes large in pro- 
portion to the body, the brain increases in size, and the fore- 
limbs finally become hands, ministering to the intellectual 
wantsof the animal, Also, as we ascend the series, the body, 
from being horizontal, with limbs adapted for walking on all 
fours, becomes finally in the apes semi-eroct, in man wholly so. 

The greatest step in advance over tho reptiles and birds 

* Vogt believes that this Is birddike reptile; a more perfectly pre- 
sorved specimen laving lately bown found, hhowing tent the head and 
foro part of the body wer more repiilian than Owen supposed, 
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box of the monkey as compared with that of the lemur, and 
of apes a8 compared with monkeys, while in man the brain 
capacity is twice that of the highest apes. 

The different regions of the vertebral column are better 
defined than in the birds and reptiles; this is seen in the 
cervical yertebre, the number of which is usually seven, 
The exceptions to this rule are few, there being six in one 
sloth (Cholapus), eight or nine in another sloth (Bradypus), 
and six in the American manatee. Behind the cervical is 
the dorsal region, consisting of from ten to twenty-four, 
usually thirteen, vertebre, and the lumbar region, which is 
composed of from two to nine, usually six or seven, vertebrae, 
and is marked off by the absence of movable ribs. The 


Pig. 454.—Skall of the Lion, —After Owen, 


shonlder-girdle is not solidly united to the dorsal vertebra, 
but loosely attached by muscles and tendons, The pelvis 
—i.¢., that portion called the iliam—connocta with a single, 
sometimes two, rarely three, vertebra of the sacral region, 
and the union of these vertebres with one or more caudal 
vertebrw forms an assemblage of consolidated vertebnw, called 
the os sacrum, which in the sloths, or Edentates, comprises 
eight or nine vertebrw, Tho namber of caudal vertebra 
in the monkeys may amount to thirty, in the long-tailed 
manis (Pig. 501) to forty, while in other mammals there may 
be less than this number, there being four retained by man 


eA Sha anaes <p eibexsa pee obees: there! wre: cay 
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the limb from the body becomes more marked as we ap- 
proach man. In the seal, only the wrist protrudes from 
the skin, the limb of the otter slightly more; the horso’s 
leg does not protrude beyond the elbow, that of the monkey 
projects two thirds of its length, while in man the limbs 
become wholly free from the trunk (W; 5 

‘The hairs originate in minute sacs which extend from the 
epidermis into the cutis ; from the bottom of this inpushing 
of the opidermis grows up the shaft of the hair, which is 


gfe andula ave ada en, fa 1 ates of ia clan et 4 


coun at the base by the cellular wall of tho hair-exc 
forming the root-sheaths. The spines of the porcupine, the 
scales of the Manis, of the armadillo, of the tail of the rat, 
are modified hairs, all developing in the same manner, 
Many mammals, especially the ruminants, as the deer, ox, 
rhinoceros, ete., are armed with horns. There are two 
kinds, those with a bony core surrounded with a horny 
epidermal case as in the deer; while in others, as the ante- 
lopes, sheep, goats, and oxen, the horns are hollow; hence 
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In the elephant the upper canines form thé tusks, the cor- 
responding teeth of the lower jaw being absent, In many 
teeth, as those of the deer (Fig. 490), the 
crown of the molars is quite convex, with 
crescent-shaped enamel areas. The canines 
are large and sabre-shaped in the cat fam- 
ily, while in the pigs, especially the baby- 
roussa of Malaysia, the upper pair curve 
upward and backward to the forehead. 
The premolars and molars have two or 
three roots or fangs ; in none of the lower 


one root. 
Tho organs of sense are much deyeloped, especially the 
ear. The quadrate bone of the reptiles and birds, which is 


4D of the Ishyrinth of the fats, ‘int, a 
smuttnah“Datteatue: Sr saeaTas: CS wtncatus rd eacatue! Oe canatoreanetet 
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large, external, and suspends the lower jaw to the skull, now 
becomes minnte, internal, and forms one of the internal 
bones (malleus) of the ear. The Jabyrinth of the car, 
largest in fishes, is smallest in mammals. The cochlea 
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‘The abdominal cayity contains the principal reproduc- 
tive, excretory, and digestive organs, The msophagus ter- 
minates in the stomach almost immediately below the dia- 
phragm. The stomach (St) ocoupies a transverse position, 
its larger (cardiac) end, which receives the esophagus, lying 
on the left, the smaller (pyloric) end on the right. The 
pylorus has a sphincter muscle which can completely close 
the orifice. The stomach is followed by the long intestines 
(Jn), most of which have been removed, leaving a short 
piece in front. The posterior portion of the intestine is 
somewhat dilated, is called the colon, and passes into 
the wide terminal rectum (Rec), The whole abdominal 
portion of the intestinal canal is suspended from the me- 
dian dorsal line by a thin membrane, the mesentery, which 
forms several folds, the most striking of which is the omen- 
fwm or grand epiploon (Om.). This fold, when in situ, 
hangs down from the stomach like an apron, covering over 
the intestines ventrally. Upon opening the walls of the 
abdomen, it is the first structure met with. It usually con- 
tains a great deal of fat, Its principal function is supposed 
to be to prevent tho loss of heat. The omentum is present in 
all mammals, but is least developed in Cetaceans, being most 
prominent in Carnivora and ruminants. Connected with 
the intestine are two glands, the liver (Zi) and pancreas. 
‘The liver is large and lies directly underneath the diaphragm. 
The elongated light-colored pancreas lies alongside the front 
ond of the intestine (Zn), or so-called duodenum ; in its 
microscopic structure it resombles the salivary glands. Tho 
spleen is closely connected with tho stomach, and is of an 
elongated shape, as in the majority of the Mammalia mono- 
delphia, 

The kidneys (Xi) are large and oval, and lie on either 
side of the vertebral column; the aorta passes between 
thom, giving off a renal branch to cach gland, A deli- 
cate ureter (Ur) passes from each kidney obliquely across 
the rectum to the largo flask-shaped bladder (Bi). A 
urethra (Ur) arises from the bluddor posteriorly and 
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while the female is fawn-colored ; male antelopes are blacker 
than the female. The Banteng bull is almost black, while 
the cow is of a bright dun. Among the lemurs the male of 
Lemur macaco is coal-black, while the female is reddish yel- 
low. The sexes of monkeys differ much in coloration. 

tain male seals, bats, rats, and squirrels have brighter colors 
than in the opposite sex. On the other hand, the female 
Khesus monkey is adorned with a brilliant red naked ring 
around the tail ; this is wanting in the male, which, how- 
over, is larger, with larger canines, more bushy whiskers 
and eyebrows ; and Darwin states that in monkeys the males 
usually differ from the females in “the development of tho 
beard, whiskers, and mane.”” 

‘The voeul organs of mammals are, in general, constructed 
on the same type. The larynx is formed by a modification 
of the uppermost ring of the trachea, called the ericoid car- 
tilage, to the anterior and dorsal edges of which two arytenoid 
cartilages are attached, while a V-shaped ¢hyroid cartilage, 
open behind, is attached to its side. ‘Lhe won! cords, which 
are modified folds of the mucoux membrane lining the 
trachea, are stretched between the arytenoid and thyroid 
cartilages, the slit between them being called the glottis, 
which is covered by the epigloftfs. Thus, in mammala the 
organs of voice aro situated almost solely at the upper end 
of tho trachea, In the whales the vocal chords aro not de- 
veloped. The male gorilla, which has an exceedingly loud 
voice, as well as the adult male orang and the gibbon, is 
provided with a laryngeal aac, In the howling monkey 
(AMycetes) of Brazil, the hyoid apparatus and larynx are re- 
markably modified, the body of the former being changed 
into a large bony dram or air-snc communicating with the 
larynx. The vocal organs are a third larger in the males 
than in the females. “ The males begin the dreadful con- 
cert, in which the females, with their loas powerful voices, 
sometimes join, and which is often continued during muny 
hours’ (Darwin). They apparently howl, as birds sing, 
for the simple pleasure of the thing. Apparently, the moat 
musical mammal, man excepted, is » gibbon (/ylobates 
agilis), which can sing ‘a complete and correct octave of 
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musical notes’ (Martin ez Darwin). While quadrapeds 
use their yoices as alarm calls, most of the sounds are pro- 
duced by the males, especially during the breeding season. 

Animals are mutually attracted or are individually pro- 
tected from the attacks of other species by odors. The 
scent-bags or odoriferous glands secreting a fluid differing 
in consistency in different animals, are situated near the 
base of the tail, as in the skunk, polecat, musk-deer, civet- 
cat and allies, or they may be developed in the side of the 
face, a8 in the male elephant, as well as sheep and 
‘The odor is either of musk or some form of it. The shrew- 
mice, by reason of their odoriferous glands, are disliked and 
consequently not hunted by birds. Universal deference is 
paid to the skunk ; few dogs, and only those which are in- 
experienced or peculiarly gifted, attacking them. The 
males more usually emit a stronger odor than those of the 
opposite sex. 

Some mammals haye a summer and a winter pelage. ‘The 
hare, at the beginning of winter, doffs its summer cout fora 
suit of white. ‘The hybernation, or winter-sleep, ig @ re- 
markable feature in the life of quadrapeds living in the 
north temperate zone, such as the bear, dormouse, and bats. 
During this period the temperature of their body falls, 
respiration and circulation are lowered in the one case or 
nearly ceases in the other, and life is sustained by the ab- 
sorption of fat, which accumulates on the under side of the 
neck in the so-called hybernation-glands, 

‘There are about 3500 species of mammals deseribed, of 
which 2100 are living ; of these 310 inhabit America north 
of Mexico. Mammals live all over the earth’s surface, bat 
mostly in the tropical region, those of the arctic zones having 
been derived from the south since the end of the Tertiary 
period. The range in space of certain species is very groat— 
for example, the cougar, panther, or puma ranges from Brit- 
ish to South America (Chili). The mammalian fauna of the 
Tortiary deposits of the west was far more abundant than now, 
the remains of over five hundred species having been already 
discovered by Leidy, Cope, and Marsh in the few spots x- 
amined. Tho carlicr (Rocenc) mammels were generalized: 
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forms, combining in a remarkable degree characters more 
elaborated, and in great detail, in different orders of living 
mammals, especially the Ungulates, For example, from the 
Eocene Coryphodon, a generalized ungulate animal, have 
probably been derived the ruminants, the tapirs, hog, hip- 
popotamus-like forms, the rhinoceros, and, finally, the 
horse. This inference is based on the fact that tho bones 
and teeth of Coryphodon present characters which are no 
longer combined in any one species of mammals, but which 
are found worked out in detail in the members of the differ- 
ent orders referred to. 

Morcover, the early Tertiary mammals had brains much 
smaller than in any existing forms, and with only one ex- 
ception, without conyolutions—showing thut the develop- 
ment of the size of the brain and ita convolutions, and con- 
sequently of the intellect, haa kept pace with the successive 
stages in the specialization shown in existing forms, and 
which ogree with the increasing complexity of tho Amori- 
can Continent and the subdivision of the western part of 
the continent into distinct basins, with separate mountain 
systems and river-valleys. The result of all this apparent 
waste of generalized forms, and the survival of the few 
fayored types now existing, has been the preservation of 
animals which have been domesticated by man, such as the 
dog, pig, horse, ox, camel, elephant, and of others useful as 
food or as intelligent servants ministering to his every-day 
wants. 

‘The earliest mammals were small inzectivorous or gnaw- 
ing marsupials, none larger than a cat, and first appearing 
in Jurassic strata, 

‘The Mammalia are divided into three sub-classes—viz., the 
Ornithodelphia (duckbill und Eehidna), the Didelphia or 
marsupials, and the Monodelphia, comprising all the higher 
mammals, 

Sud-class 1, Ornithodelphia,—The duckbill and spiny ant- 
eater (Fig. 493, Eehidna hystriz) are the only representatives 
of the sub-class, of which there is but a single order, called 
Monotremes, and are distinguished by the following char- 
acters, ‘The oviduets, vasa deferentia and urcters, open into 
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the cloaca, a3 in birds. The sternum is provided with a pee 
liar T-shaped bone, and there are important features in 


brain separating them from the mombers of the higher sub: 
classes, There are several charactors allying them to th 
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birds and reptiles, and besides those mentioned one of the 
most obvious is the long, toothless jaws (there are cight . 
horny teeth in the duckbill), which are long and narrow in 
the Echidna, or broad and flat in the duckbill (Ornithor- 
hynchus paradoxus Blumenbach), where it is covered by a 
leathery integument ; the external ear is wanting. 


Fig. 491 —Skeletom of Jcletna hyitrdsr,—Proea Brohm' Thterleben, 


In the aquatic duckbill the feet are webbed, with claws 

of moderate size. It is covered with a soft fur, and is about 
half a metre (17-22 inches) long. Its 
habits are like those of a muskrat, fro- 
quenting rivers and pools in Australia 
and Van Dieman’s Land, sleeping and 
breeding in holes extending from un- 
der the water up above its level into 
the banks, and with an ontlet on shore. 
It lives on mollusks, worms, and 
water-insects. Young dnckbills, five 
em. long, have been found in their 
nests, 

The spiny anteater (Figs. 493 and 
494) is represented by three species, 
tho Echidna hystrix Cuvier, of Aus- 
tralia, A. Lawesii Ramsay, from Port 
Moresby, New Guinea, also by a re- 
cently disoovered form inhabiting the 7, — Ona halt of 
elevated portions of Northern New mies pore o 
Guinea, and called by Gervais Acanthoglossus Bruijnii. In 
these singular animals the bill is long and slender, tooth- 
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thoy aro attached to the nipples at the bottom of the pouch, 
This large pouch (absent in some opossums and in the 
Dasyurida) is supported by two long slender bones attached 
to the front edge of the pelvis and projecting forward (Fig. 
495 m and Fig. 497). 

In Thylacinus, the Tasmanian wolf, those bones are car- 
tilaginous. In the opossum, the kangaroo, and probably 
most marsupials, the young remains in the pouch attached 
to the nipple, which fills the mouth. ‘ To this it remains at- 
tached fora considerable period, the milk being forced down 
its throat by the contraction of the cremaster muscle. The 
danger of suffocation is avoided by the elongated and coni- 
cal form of the upper extremity of the larynx, which is em- 
braced by the soft palate, as in tho Crlacea, and thus respi- 
ration goes on freely, 
while the milk passes, 
on each side of the 
laryngeal cone, into 
the @msophagus” 

(Huxley). In the car- 

nivorous forms the 

brain is low in atrac- 

ture, the olfactory 

lobes being very large, 

completely exposed, 

while the cerebral 

hemispheres aro small 3 Que Canfas 
and quite smooth. : 

‘The dentition of marsupials is characteristic, none tse | 
three incisor teeth upon each side, above and below, 
none but the wombat (Phascolomys), with an equal num- 
ber of incisors in each jaw, there being usually more in tho 
upper than in the under jaw. 

‘The lowest marsupial is the Tasrnanian wolf (Thylacinus), 
which is rather smaller than the wolf. The Tasmanian dovil 
(Dasyurus ursinus Geoffroy, Fig. 383) is a vicious, trouble- 
some creature, about the size of a badger. ‘The oposanmy 
inhabit North and South America, ‘They have a long tail 
and « plantigrade step—i.e., they walk on the sole of the 
whole foot, The Virginian opossum (Fig. 497, Didelphys Vir- 
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themselves. Their food is roots, poultry, or wild frnits. 
They have no hair on their tails, bat a sort of « scale or 
hard crust, as the beavers have. If » cat has nine lives, 
this creature surely has nineteen ; for if yon break every 
bone in their skin and mash their skull, leaving them for 
dead, you may come an hour after and they will be gone 
quite away, or perhaps you may meet them creeping away.”” 
(** Perfect Description of Virginia,” 1649.) 

‘There are squirrol-like flying marsupials (Petaurus), 
marsupial rats, marsupial bears, and marsupial ant-caters 
(Alyrmecobius), but the most characteristic Australian ani- 
mma are the different kinds of kangaroo (Macropus thetidis, 

ig. 498). 

‘The largest species, M. gigantens Shaw, is 1-8 metres, or 
nearly six fect long. Kangaroos go in herds, and move by 
a succession of long leaps. 

All marsupials are stupid, low in intelligence, and, in the 
insectivorons and carnivorons forms, of vicious temper. 
With the exception of tho opossums, all are confined to Aus- 
tralia, New Zealand, and New Guinea. 

Sub-class 3. Monodelphia,—While in the marsupials the 
termination of the oviduct is donble, in the present group 
it is always single, whence the name Monodelphia, The 
members of the group are also called placental Mammatia, 
becanse the young at birth are of considerable size and 
nearly perfect in development, being nourished until born 
by a highly vascular mass or thick membrane ( placenta) 
supplied with arteries and veins, developed originally from 
the allantois, which is a temporary embryonic mombrane, 
The brain, as a rule, presents an advance over that of any 
of the preceding mammals, the corpus callosum being better 
developed, while the anterior commissures are all reduced. 
There are no marsupial bones, though in some Carnivora 
certain small cartilages appear to represent them. 

There are twelve orders, as follows ; 

Order 1, Bruta or Edentata,—Theao creatures, ropre- 
sented by the #loths, ant-eaters, pangolins, and armadillos, 
stand next above the non-placentala or marsupials, as the 
brain is but little better developed, the hemispheres in some 
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in enamel. In most Edentates the incisors are 

the lateral one may exist in the armadillo (Dasypaus) 

feet are formed for grasping or digging, and end an 
straight or curved claws. They are either hairy or p 
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tected, as in the pangolins (Fig. 501) and armadillos (Fig. 
502), with large thick scales, They feed on insects and de- 
cayed animal matter, or on leaves. ‘They are of moderate 
size, though certain extinct forms were colossal in stature. 

‘The leaf-cating forms, viz., the sloths, differ from the 
other Bruéa in the very long and slender limbs, the hinder 
pairtheshorter, There are five teeth above and four below, 
which become sharp with use, like chisels ; the stomach is 
said to be remarkably complex. In disposition these erea- 
tures are types of slaggishness ; they live in trees, being 
absolutely helpless on the ground, not boing capable of 
walking on the bottom of the foot. 

Waterton says that, in climbing, the 
ai (Bradypus tridactylus, Figs, 499 and 
500) uses its logs alternately ; that its 
hair “is thick and coarse at the ex- 
tremity and gradually tapers to the 
root, whore it becomes fine as a spider's 
web. His fur has so much the hue of 
the moss which grows on the branches 
of the trees, that it is very difficult to 
make him ont when he is at rest.’” 

None of the Edentates now occur in 
the United States, but formerly colos- 
sal, sloth-like forms, with some rosem- 
blance to the ant-eaters, ran, ovor AN — AL, Or 
the Southern and Middle pro far Soe yee 
north ag Pennsylvania, their bones oc- gee 
curring in caves. Such was the Meyatherium, a gigantic, 
sloth-like creature, which extended from Pennsylvania to 
the pampas of South America, and whose skeleton is over 
five metres (18 fect) long. With it was associated tho Mey- 
alonyz, first described by Thomas Jefferson ; it was as large 
us a bison, as was the Mylodon. ‘These animals walked on 
the soles of the feet, could rise on their hind legs and partly 
support themselves by their thick tails, pulling down large 
trees and feeding upon the leaves and smaller branches. 

Tn the ant-euters the jaws are toothless, but very long, and 
the tongue is of great length and very extonsile ; the sub- 
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by a heavy, solid coat-of-mail consisting of polygonal plates 
soldered together immovably. 

The three following orders have by most authors been 
placed near the Primates (monkeys, etc.), but Owen, from 
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the charactors afforded by the brain, has shown that they be- 
Jong at or near the bottom of the scale. Gill has shown 
that not only by the brain, but by other characters corre- 
lated with the low development of the brain, the Rodents, 
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condyles of the lower jaw are longitudinal, not received in spe- 
cial glenoid sockets, but gliding freely backwards and forwards 
in longitudinal furrows. The feet ure adapted for walking 
and climbing or burrowing, the claws being well developed. 
A peculiarity in the incisors is that they grow out 1s fast as 
they are worn down ; this is due to the fact that the pulp is 
persistent ; the enamel in front causes them to weur away 


Pig. 001. —American Flylng Squirrel (Selurapterus rofwcetfa). 


behind so that they are chisel-shaped. ‘The species are pro- 
lific, live mostly on vegetable food, and are of small size; 
the muskrat, beaver, and capybara being the largest mem- 
bers of the group, The flying squirrels (Fig. 503) take 
short flights by means of the expansion of the skin between 
the fore and hind lege. The Norway lemmings are notice- 
able for their remarkable migrations from the elevated 
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Order 3, Insectivora—In the moles the imecisors, the 
canines, and molars are well developed, and the molars have 
the crown surmounted by conical projections called cusps. 
The fore feet are plantigrade, with large claws, and the en- 
tire limb is short, thick, mus- 
cular, and fossorial,#.¢,, adapted 
for burrowing in the soil (Fig. 

508). The shrews comprise 
the smallest mammals. Nearly 
all are nocturnal, burrowing 
under the surface, and never 
seen by day; consequently, 
thei 

ly hid under the fur; while the 
ears are small and concealed by 
tho hair. 

‘The shrows are mouso-like, 


having fect of the normal form, 
and a long nose, In our com- 
mon shrew (Sorex platyrhinus Wagner, Fig. 509), the nose 
is long, and the tail shorter than the head and body. 

Tho genuine moles are the characteristic forms of the 
order; the most peculiar being the star-nosed mole, Condy- 


lura cristata Linn., which occurs from the Atlantic to the 
Pacific Ocean, while the common mole (Fig 510) is abundant 
in the Eastern United States, 

A flying form with a superficial resemblance to the bat, and 
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Bats live in caves and in the hollow of trees by day ; all 
hibernate in the same situations, going into winter quarters 
in the autumn, and reappearing in the warm twilight of 
spring. Though the eyes are small, and the sight, so far as 


Pig. tit. —Skeehaton of aw frett bat (Xeroprun).—Atter Owen, 


we know, deficient in keenness, they show wonderfal skill 
in avoiding objects during their rapid flight. The cars aro 
very large, and in the vampires the nose is adorned with 
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The largest hats aro the frait bata or flying foxos (Ptero- 
pus) of the East Indies ; one species of which expands one 
and a half metres (nearly five eet) from tip to tip of the 
wings. Our commonest 
the little brown bat, Veapertilio 
sudulatus of Say; nearly as com- 
mon is the red bat, Atalapha no-~ 
veboracensis Coues. 

Order 5. Cete (Cetacea).—We 
now come to the Aducadilia, in 
which the brain is more highly do- 
veloped, and begin with two very 
aberrant orders, the whales and 
Sirenians, in which the body is 
fish-like, thongh the tail is hori- 
zontal ; the pelvis and hind limbs 
are wanting, either wholly, or mi- 
nate rudiments may be present ; 
and they are aquatic, occasionally 
leaping out of the water, but usu- 
ally only showing the dorsal fin or 
nose when at the surface to breathe. 

The whales and porpoises have 
a large, broad brain, with numer- 
ous and complicated deep conyolu- 
tions, 

In the skull (Figs, 612, 513) the 
aperture for the spinal cord ( fora- 
men magnum) is entirely posterior 
in situation and directed some- 
what upward. The lower jaw is 
straight, with no sscending ramus, 
the narrow condyles being situated. 
at the end of the jaw, at the point B1%—Skenll of the 
indicated by the angle of tho ramus hey, englies! ene we a 
in other mammals. ‘The teoth are be cranial cari 
conical, with a single root, but are 
sometimes wanting. There is no neck ; the cervical verto- 
bre are sometimes confluent, forming a single mass, The 
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The cachelot or sperm-whale (Fig. 515) has an enormous 
head, and is without the power of smell. Above the nasal, 
frontal, and maxillary bones are cavities filled with a fatty 
fluid called spermaceti, used in the manufacture of candles, 
ointments, and cosmetics, such as cold cream. A large sporm- 


S14.—Ilewd amd tongue of dabeek Batenoptera (the latter (a) ewoblen 
ty the gases OF Sncomnpontinea); by whbebone platen S 


whale will yield 2500 kilograms of this substance. Another 
valuable substance is andergris, a morbid product, the result 
of injury to the intestine by the beaks of cuttle-fishes, upon 
which animals the toothed whales largely prey. It is a kind 
of bezoar or gall-stone, fat romatic, burning with a clear 
flame. It is composed of benzoic acid, united with chlorine, 
of a balsamic substance, and ambrain. It is used in making 
perfumes, 


Tig. 818 —Ontline of the rachlol. showing how the, MubBer fe rerwoved:: bts 
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But the chief use of whales is the oil extracted from tho 
fat. onveloping the body, called blubber by whalers, ‘The 
most valuable of the whales ix the Greenland whale, as it 
contains the most oil, individuals having been known to 
yield nearly three hundred barrels. 
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The whale-fishery first sprang up in the 
in the Bay of Biscay. In the New England colon 
were pursued in boats from the shore. In 1854 th 
culminated ; since then it has deereased, It ja pi 
carried on by Americans, New Bedford being now 
ing port from which whalers are sent ont to 


Mg. 516. —Kogts Ftowrl—After Grayson, from Gill, 


ions and Bebring’s Straits, one hundred and 
x boon sent out in 1876 from this port, 
allied to Physeter macrocephalux odp 
rhales, represented on the Californian 
Gill (Fig. 516), which is nearly 


The narwhale (Mi sonoverox Linn.) hs dinti 
hy the long, spiral! ed, horn-like tusk of 
furted af the left upper incisor, which becomon a 
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metres long, the female having no visible teeth ; there being 
two rudimentary incisors which never appear "through the 
gum. It ranges from Hudson's Straits to the Arctic seas, 
having formerly been seen along the coust of Labrador. ‘To 
the family of dolphins and porpoises belong the white whale 
or Delphinapterus leucas Pallas, which ranges from the Gulf 
of St. Lawrence northward ; the grampus (Grampus griseus 
Cuvier) ; the blackfish, of which there are two species, one 
Globicephatus melas Trail, ranging north of New York, and 

brachypterus Cope, to the southward, and the por- 
poises, of which the most common on our coast is Phocana 
brachycium Cope; the rarer is P. lineata Cope. On the 
coast of Labrador, as well as northward, occurs the thrasher 
whale or killer (Orca gladiator Gray) which has large 
teeth, and a high dorsal fin ; it attacks whales, gouging out 
the flesh from their sides. Certain fossil whales were pigmies 
in size; while the Zeuglodon of the Alabama Eocene Ter- 
tiary beds, was an enormous serpent-like whale, which must 
have measured over seventy feet in length. 

Order 6. Sirenia.— In the few species of sea-cows represent- 
ing this order, the lower jaw is more as in other mammals, 
having well developed ascending rami and normal transverse 
condyles and eoronoid proceases. The teeth are well developed, 
both incisors and molars, the latter with flattened or ridged 
crowns, adapted for the trituration of vegetable food. A 
neck is indicated; the two nostrils are situated at the 
upper part of the snout, and the lips are beset with stiff 
bristles, while the mammue are pectoral. The fore limbs are 
of moderate length, with five well-developed digits, but still 
fin-like and bent at the elbow, he brain is narrow com- 
pared with that of cetaceans, and the heart is deeply fissured 
between the yentricles. The manatees of America and the 
dugong of Australia and India (Fig. 518) live in the mouths of 
large rivers, feeding on seaweeds, aquatic plants, or the grass 
along the shore, The Florida manatee (Manatus Ameri- 
canis Desmarest) grows to a length of from two to nearly 
three metres. It ranges from Florida to the Amazons, where 
it is called Vacea marina ; itascends the river as far as Pebas, 
Peru, and is killed and eaten, its flesh resembling beef. 
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Steller’s manatee (Rhytina Stelleri) was in the Tast cen 
found in abundance on the shores of Behring’s Island on 
coast of Kamtchatka; twenty-seven years afte: 

1768) it was totally exterminated by the sailors, and 
few imperfect bones exist at St Petersburg. This 
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largest Sirenian known ; it was over six metres in g 
It differed remarkably from the other forms, in haying 
teeth, but was provided with a very large, horny, r 
plate, and a corresponding one covering the enlarged poi 
of union, or symphysis, of the lower jaws. In the Terty 
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Period « fossil Sirenian (Halitheréum) inhabited the shores 
of western Europe. 

In the structure of the skull, their dentition and their her- 
bivorous habits the Sirenians in a dogree connect the Cota- 
ceans with the Ungulates. 

Order 7. Proboscidia.—Only two representatives of this 
group are now in existence, the Asiatic and African elephant, 
a number of other forms having become extinct. The group 

| is well circumscribed, when we consider the living species, 
but in the early (Eocene) Tertiary Period there existed forms 
which indicate that the Proboscidians and Ungulates had a 
common origin. In 
the elephants the up- 
per incisors are enor- 
mously developed, 
while there are none 
in the lower jaw. 
There are no canine 
teeth, while the few 
molars are large, trans- 
vorsely ridged. In the 
elephants the ridges 
sre numerous, the 
spaces between thom 
filled with cement. 
The young mastodon 
has cement on the up- 
per surface of the 
tooth ; the ridges af- 
terwards become free 
and covered with 
enamol. A peculiari- 
ty in the elephant’s skull is its lange size, tho brain cavity 
being very «mall in proportion to the bulk of the skull itself. 
To give lightness to what wonld be otherwise an insupportablo 
weight, the cranial bones contain numerous large air-cells 
(Fig. 520). Another remarkable feature,from which the group 
takes its namo, is the trank or proboscis, along, thick, floshy, 
exible snout, growing from the front edge of the nasal 
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great size, some being five metres Jong. Tt formerly ranged 
in herds over northern Europe and Azia, as well as America, 
bones occurring under swamps in the Northern and Middle 
United States. A carcass frozen in the ioe, with the hair 
still on, was discovered near the mouth of the Lena River in 
Siberia. A pigmy, extinct Maltese elephant of the late 'Ter- 
tiary Period was only 1.7 metres in height. 

The Mastodon was characterized by having incisors in both 
jaws of some of the species. The mastodon hud molars with 


Vig. 021.—1inotheriam,—rom « restoration by Bundt, 


conical cusps, and was 33-4 metres (12-13 feet) in height. 
The mastodon (Mastodon gigantewm Cuvier) was an carlier 
type than the olephant, and formerly inhabited the North 
American continent, 

In the Dinotherinm of the Middl Tertiary (Fig, 521) there 
were only two incisors, and they grow out from the under 
jaw. It was clephantine in its form, sccording to Brandt. 

Order 8. Hyracnidea.—With some affinities to the Ro- 
dentia, and a decided resemblunce in some particulars to 
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type is the horse, with its single toe on each limb, A large 
number of extinct Tertiary Ungulates in the Western States 
and Territories, and the Tertiary basins of Paris and Lon- 
don, more or less allied to the tapir, especially Coryphodon, 
Anoplotherium, Palmotherium, etc., were generalized or 
ancestral forms, from which the modern, more specialized 
types have probably been evolved, and a study of these fossil 
Ungulates shows that there was then (i. ¢., in Eocene times) 
an essential unity of orgauiziition in all Ungulates, including 
the Ruminants; the breaking up of the Ungulate stem into 
special groups, along favored lines or paths of development, 
having resulted in a gradual improvement and elabora- 
tion of particular parts, which rendered them more fitted 
for their present life, and more intelligent in meoting and 
overcoming the emergencies their more complex surround- 
ings subjected them to. Thus in the Eocene Ungulates, 
such a8 Coryphodon, the cerebrum was amall, without convo- 
lations, indi & slight degree of intelligence compared 
with the modern Ungulates, while the gradual differentiation 
of the horse, with its single toe and hoof, from its tapir-like 
ancestors, is a marked example of tho intelligent, beneficent 
selection of favored, useful types which has gone on from the 
earliest geological times. 

All this specialization of type involved tho destruction of 
great numbers of forms unfitted to withstand changes in 
their surroundings, or not sufficiently intelligent or wary to 
avoid the attacks of carnivorous forms, and thus tho present 
number of Ungulates is much exceeded by the fossil formu, 

Perissodactyles, The odd-toed Ungulates, on the whole, 
stand lower than the oven-toed forms. They all have at 
least twenty-two dorsal and lumbar yertebre, and a simple 
stomach, with a large, sacenlated cocum. The tapirs are 
the more elemental, generalized forms. Fossil tapirs oceur 
in the older Tertiary beds of the West. The snont is 
almost proboscis-like, and the legs are moderately long, with 
four toes in front, three toes behind. The tapirs inhabit the 
tropics of the New World and Sumatra, They are succeeded 
by the rhinoceros, represented in this country by a number 
of extinct Tertiary allies, the living species being restricted 
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The horse (Zqnus caballus Linn.) is the most useful of all 
domestic animals, and next to shipsa prime moans of the 
diffusion of civilization. By artificial selection # great num~- 


uowpas— ees “Ha 


z 
: 
z 
E 
E 
¥ 
5 
y 


ber of vuricties, races, and strains have been produced, 
adapted for the performance of differont kins of work. The 
horse only exists in a domosticated state, Sanson states thet 
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mule are infertile hybrids of the horse and ass (Equus 


asinus Linn.). 

Artiodactyles.—Tho even-toed Ungulates comprise the 
peceary, pig, hippopotamus, and the Raminants represented 
by the deer, sheep, ox, and camel. The pig and peccary are the 
descendants of « number of extinct earlier forms which flour- 
ished in the Tertiary Period; the pig, as Marsh observes, 
having held its own with characteristic pertinacity. The 
Hippopotamus (Fig. 522) has a large head, with large canines, 
® clumsy body, and short, three-toed legs, Hippopotamus 
amphibius Linn., ranges from the Upper Nile to the Cape of 
Good Hope, and westward to Senegambia It is nearly 
3} metres (11 feet) in length. 

Ruminantia.—The remaining Artiodactyles aro called 
Ruminants, from the fact that they chew their ond. The 
molars are provided with two double crescent-shaped folds 
(compare Fig. 490). ‘The stomach (Fig. 523) is divided into 
at least three, usually four compartments, é.¢, the paunch, 
the reticulum or honeycomb, 80 named from the polygonal 
cells on its interior, the psalterium or manyplies, and 
the rennet or true stomach. When asheep, cow, or any 
other Ruminant feeds, it thrusts out its long tongue, seizes 
a bunch of grass, and bites it off by pressing the incisors 
of the lower jaw aguinst the toothless gum of the opposing 
part of the upper jaw; the mouthful of grass is then swal- 
lowed, mixed with much saliva. When its appetite is eatis- 
fied it secks a retired spot away from its carnivorons ene- 
mies, if not a domesticated animal, and after lying down, 
suddenly regurgitates a ball of grass, the cud,* which it slow- 
ly grinds up between its molur teeth into a pulp, The 
cropped grass passes into the honeyeomb and paunch ; the 
manyplies serves us a strainer for the pulp, which in the 
fourth stomach is digested by the gastric juice. 

Among a number of fossil forms leading up to the exist- 


* The regurgitation of the cad ts probably due to a sudden and alm 
n}taneous contraction of thediaphragm and of the abdominal muscles, 
which compresses the contents of the rumen and reticalum, and 
drives the sodden fodder against the eardise aperture of the stomach, 
which opens and the eud is propelled into the mouth. (Huxley.) 
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Pig 825. —Skeleton of Sivathertem restored.—Atver Mawkiin, 
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ing deer and antelopes iv the Sivatherium (Fig. 524, 52 
of the Tertiary beds of the Himalaya Mountains, which h 
two pairs of horns, and were gigantic creatures. nearly 
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Fig. ta7,—Elk or Wapatl.—From Caton's Antelope and Deer of Amorien, 


bulky as an elephant, and of the singular form 
mately indicated by the accompanying illustrations, hayin 
affinities to the antelopes and the giraffe. 

The deer family (Cervide) is represented in the Unite 
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States by the common Virginian deer (Cariacus Virginianus 
Gray, Fig. 526), the elk or wapiti (Cervus Canadensis Erxlo- 
ben, Fig. 527), and the caribou ( Rangifer caribou Audubon 
and Bachman), which is probably « variety of the European 
reindeer (2, farandus Sundevall). Tn these beautiful, grace- 
ful forms the solid antlers aro cast off annually; with the 
exception of the reindeer the females or does have no antlers, 

The prong-horn antelope (Antilocapra Americana Ord, 


‘Mig. G8 —Head of young Proag:hors Antolope.— After Hays, 


Fig. 528) #0 characteristic of the western plains, also drops 
its horns in tho autumn, though they aro hollow whon shod 
and with a persistent core asin the ox and goat. It crops 
grass, not, like the deer, eating leaves of trees and shrubs ; 
‘in fleotness it excels all other quadrupeds of our conti- 
nent,” though it is short winded, and does not ran a great 
distance (Caton). In its horns, hollow when cast off, and the 
gall bladder, which is absent in the Cervida, the provg-horn 
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English parks, also certain large domestic races, such as the 
Holstein and Friesland breeds. From another fossil species 
(Bos longifrons Owen) arose the so-called brown cattle of 
Switzerland, and the “‘runts” of the Scottish Highlands. 
Still other domestic races are traced back to another fossil 
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quaternary species, Bos frontosus Nilsson, Our presont 
races of domestic cuttlo, however, do not reprosent a genuine 
ypecies, but a number of races which have descended from 
several fossil species; the name Bos faurus (Fig. 532) is 
simply, then, « conventional name (Carus’ Zoologie), The 
bison ia known to breed with cattle in the Western States, 
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being connected ; the wrist and foot only projecting beyond 
the skin of the body, and there are no oxternal ears, or only 
small ones. 

The walrus (Fig. 534), the seals, and the eared seals or 
sea-lions  (Otariide) 
are the types of the 
aquatic Carnivores ; 
the sea-lions can walk 
on all fours, and in 
certain peculiarities of 
the skull they resem- 
ble the bears. 

Of the terrestrial, 
normal Carnivora, the 
raccocn, coati, Cerco- 
leptes, und bear, to- 
gether with a number 
of extinct forms, are 
the more generalized 
or lower types, They 
are plantigrade, and 
while standing at the 
base of the carnivorous 
series, have some fea- 
tures suggesting and 
anticipating those of 
the lemurs, and mon- 
keys. The raccoon, 
Procyon lotor (Linn.), 
abounds throughout 
the United States. Al- 
lied to it is the conti 
(Nasua) of Central 
America, a creature 
about the size of, and 
with the general hab- = 
its of the raccoon, being an exceedingly knowing and mis- 
chieyous animal. A number of extinct Kocene mammals 
are aleo allied to a small plantigrade, long. tailed carnivore, 
Cercoleptes, which resembles the Primates in its two cutting 
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more blackish and reddish, till in Florida black wolves pre- 
dominate, and in Texas red ones.” (Jordan’s Manual of 
Vertebrates.) The prairie wolf or coyoté (Canis latrans 
Say), is characteristic of the Western plains and Pacific const. 
he Indian dogs breed with the coyoté, and the offspring is 
fertile. (Coues.) This fact appears to support the theory 
that the domestic dog (with its conventional name Canis 
viliaris Linn.) is 4 descendant of the wolf, On the other 
‘Fitsinger in his “Researches on the Origin of the 
,” states that fourteen kinds of dogs can be distinguished 
in he Roman and Greck records ; of these he considers five 
principal types or species, five others climatic yarieties, 
the remainder being either breeds artificially produced or 
hybrids. As regards the Egyptian dogs, seven kinds may be 
distinguished, besides the jackall, three of them being dis- 
tinct species. He believes that wolves, jackalls, foxes, etc., 
are species quite distinct from the domestic dog; they 
may have interbred with the latter, and thus influenced cer- 
tain breeds; but they are not the parents of the domestic 
dog. He concludes that there are seven species among our 
dogs :—C. domesticus, extrarius or spaniel and Newfound- 
land dogs, vertagus or badger dog, sagaz or hound, molossu# 
or bulldog, Ieporarius or greyhound, and the naked dog, 
C. caribens. Among half-wild dogs is the dingo or hunt- 
log of Australia, which goes in packs. 
he Viverra and Genetta or civet cats, and the hyenas 
lead to the cat family, which stands at the head of the Oar- 
nivora. ‘The panther, leopard, tiger, and lion belong to the 
genus Felis. The Felis concolor Linn., cougar or puma, 
ranges over both continents; it is 1-1-3 metres in length. 
The domestic eat, Felis domestica Linn., was first domes- 
ticated in Egypt, the Grecke and Romans not possessing 
it; the eat and common marten were in se as domesticated 
animals side by side; and at te same time in Italy, nine 
hundred years before the crusades. It appears that the do- 
mestic cat of the ancients was Mustela foina (Rolleston). 

Of the lynxes there are two species in North America, 
Lynz rufus Rafinesque, the American wildcat, and the 
Canada lynx, Lynz Canadensis Rafinesque, the latter being 
much the larger species, 
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eries have led to the hypothesis, that from still older, more 
generalized types, four lines of development, respectively 
culminating in the typical Carnivoros, Cetaceans, murs, and 
, have taken their origin. ‘That the lomurs, though 
tricted to Madagascar, eastern Asia, and South 


can Continent, is indicated by the discovery of fossil 
in the Eocene beds of the Rocky Mountains, referred 
y Marsh and Cope to the Primates; Marsh stating that 


ed to the true lemara isa very puzzling creature, the 
aye-aye or Chiromys, of Madagascar, whose dentition differs 
from that of all other Primates, and resembles that of the 
Rodents ; the thamb also is not tealy opposable, and all the 
hind digits, except the great toes, have claw-like nails. The 
Galago, of West Africa, somewhat recalls the Insectivora, 
while ‘in the more active and floxible-bodied Lemurida, 
the trunk-vertobra resemble in proportions, connections, and 
direction of neural spines those of the agile Carnivora.” 


nine Primates or suborder Anthropoidea are, in 
rized by the large, convoluted cerebral hemi- 
nearly, or in the highor apes and man, conceal 
hen seen from above.* ‘The ears are rounded, 


thropoidea are divided into two subdivisions, the 

first comprising the monkeys and apes, and the second, man, 
the first group (Simia), the body is prone, the animal 

i on all-foura, only the orang and gorilla walking 
erect ; the great toe is rather short, thumb-like, and 

le to the fingers, while the body is very hairy. The 

of the Now World have a wide septum to the nose, 

hence called Platyrhine ; they also have long tails. 

little, equirrel-liko, gregarious marmosets are the small- 

est of the monkeys and nearest allied to the lemurs. They 
walk on all-fours, the anterior extromitics being’ like the 


In the low Hapale and Cibus, however, the cerebrum projects 
backward as far or even farther than in mas (ill). 








THE MONKEYS AND APES. 621 


The apes live in trees, only occasionally walking on the 
ground ; their posture is semi-erect; they are tailless, the 
fore legs are much longer than the hind legs, and used as 
arms, the radius being ca- 
pablo of complete prona- 
tion and supination, In 
the form of the skull, of 
the brain with its convolu- 
tions, and in tho teeth, 
there is « still nearer ap- 
proach to man, 

There are three typical 
forms or genera of apes, 

i.e, the gibbon (Hylobates, 

Fig. 536); the orang (Mi- 

metes pithecus) and chim- 

panze (M. niger, Fig. 

537), and the gorilla, The 

gibbons are nearest to the 

monkeys; they are little 

less than a metre (3 fect) 

in height, and are very 

slender, with very long 

arms, so that they are rapid, 

agile climbers, also run- 

ning over tho ground with 

ease and rapidity; when 

standing ervet the fingers 

touch the ground; only 

the thumbs and great toes 

have trae nails, in all the 

higher apes the nails of all 

the digits being flattened ; 

the epinal colamn is nearly 

straight; they havo four- P 

teen pairs of ribs and Fig. t—dxeleton of Slamang Apo, a gib- 
eighteen dorso-lumbar ver- ~ 

tebrw, there being in the other apes usually seventeen, as in 
man. The siamang lives in the forest of Sumatra; others 
inhabit Java, Borneo, Cambogia, etc. 








CHIMPANZEE AND GORILLA, 623 


Th aversge capacity Of the Caucasian skull is 92 cubic inches, 
«Australian 95 % 
“Gorilla “29 to near 85 


Chimpanzee ‘* 

Orang ¥ 
According to Wyman, the range of variation in differont 
of men, as seen in seventoon skulls, is fram 92 to 7 
inches ; in the gorilla from 34 to 25 cubic inches, nine 
skulls having bocn measured. There is but a single species 
of orang, which is restricted to Somatra and Borneo. It is 
said to be very intelligent, to possess a voice 80 Joud as to be 

heard one or two miles, and to build a nest to sleep in, 

‘The chimpanzee and gorilla are only found on the west 
coast of Africa. The chimpanzee (Jfimetes niger Geoffroy 
with its varioty Tachego, Fig. 537) inhabits the coast from 
Sierra Leone to Congo. It is about 1} motros (5 foot) in 
height. It can stand or run erect, but it usually leans for- 
ward, resting on its knuckles ; the arms span about half as 
much again as the creature's height. Both the chimpanzeo 
and gorilla have fourteen pairs of ribs. ‘The chimpanzee lives 
on fruit, is an active climber, and nests in troes, changing its 
rude quarters according to circumstances. Rev. Dr. Savage 
states that “they generally build not far above the ground. 
Branches or twigs are bent, or partly broken, and crosed, 
and the whole supported by the body of a limb or a crotch. 
Sometimes a nest will be found near tho end of a strong 
leafy branch twenty or thirty feet from the ground.’” 

Tho gorilla, like the chimpanzee, goes in bands, but the 
company is smaller, and led bya single adult male. Thoy 

imilar nests, which, however, in the case of both apes, 
no shelter, and are only occnpied at night. The 
ila sometimes reaches the height of abont 14 motros (54 
nd weighs about 200 pounds. Its ordinary attitude is 


fect are broader, while the body is mach more robust 
than in the other apes, being yery broad across the shoulders. 
The span of the arms is to the height ns three to two, or a 
little ovor eight feet, The skull is thick, and Yhe strengdo 
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spheres, which are also much larger compared with the cere- 
bellum, and completely cover the latter; the entire brain 
being at least double the size proportionately of that of the 
* it is also stated that two muscles oxist in man 

¢ not yet been found in any ape, the extensor primi 

rnodit pollicis and the peronans tertius, belonging to the 

nd foot respectively (Huxley). There aro also points 

in the origin of certain muscles which are peculiar to man, but 
adds that all the apparently distinctive peculiarities 

uscles of the apes aro to bo met with, occasionally, 

ies in man. On the other hand, the relative differ- 

the skulls of tho gorilla and man are, as Huxley 
immense.” In man the cranial box overhangs the 

in the gorilla the forehead is hollowed out, ‘The 

rtion of the brain is also much more developed in 

man than in the apes, and in the hinder part of the homi- 
# the conyolutions are more numerous than in the 


, this part in monkeys losing its convolutions 

(Wyman). Man stands erect; his arms span a 

distance equal to his height; the spinal, column has four 
; the skin of the hands and feet of man ie highly 
ompared with thatof the apes, Finally, as Cuvier 

nd distinctive zoological character separating 


ho normal number, but the apes have no tail ; though 
uman embyro, like other young animale, has a tail, 
must not be overlooked, however, that there is a very striking 
in absolato mass and weight between tho lowest human 
that of the highest ape—a difference which Is all the more 
remarkable when we recollect that a full-grown gorilla is probably 
pretty nearly twice as heavy as s Bosjes man, or a8 many an European 
woman. It may be doubted whether a healthy human brain over 
weighed loss thas thirty-one or two ounces, of that the heaviest gorilla 
brain has exceeded twenty ounces.” Im another place Huxley states 
that “an avernge European eliild of fowr year’s old hos a brain twice 
as large an that of an adult gorills."—Man's Place in Nature. 
+ Dr. Chapman bas found in the arm of o gorilla a distinct extensor 
print internodit pelliets muscle, bot no tree of the flexor longus pollt- 
cis.—American Naturalist, June, 1870, p. 305. 
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said to be orthognathous. ‘Those skulls which are high and 

narrow, i.e, with the longer diameter to the shorter, a3 100 

said to be dolichocephatic, while those with the 

diameters a3 100 to 85 are called brachycephatic, but these dis- 
tinctions have been found to be quite arbitrary, 

‘The classification of the human nices is in as an unsatis- 


ided mankind into three varieties, the white or Cau- 
» brown or Mongolian, and the black or Ethiopian, 


and Ethiopian. Hamilton Smith divided 
nto three varieties, Caucasian, Mongolian, and Tropi- 
itham, also, into three, Japetide, Mongolidmw, and 
Atlantidw; and Pickering into white, brown, and black 
varieties, with intermediate races. Huxley divides the dif- 
ferent races into two primary groups, the Ulotrichi, with 

crisp or woolly hair, and the Leiofrichi with smooth hair, 
Th height of Englishmen is 5-8-5-10 feet; in 
more. In America, the average height of 
ilitary men is 5-9} feet. ‘The Patagonian men 
thigh on an average; the women 5-10 fect; 
and Esquimaux 4-7, the latter being the small- 
on the earth. The smallest dwarfs in Europo 
nd 28 inches in height respectively; while Pat- 

the Irish giant, was 8 feet 7 inches tall. 


sories of forms culminating in the monkeys, apes, 
man respectively, and by others that he is a direct 
endant of forms like the chimpanzee or gorilla; but 
probable that from the want of sufficient data, 
question as to the origin of man can never be def- 
initely settled. Setting hypothesis aside, in ascending 
the mammalian series, wo haye seen in the forms lead- 
ing from the extinet Eocene generalized types of Ad- 
ucabilia to the Carnivora and Primates, » tendency to 
an extreme specialization of those parts ministering ts Yes 
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elass IT. Didelphia.—Order Marewpiatia—Mummmals with  mar- 
supium and boees supporting it, (Macropan, Didelphys) 
helave IL, Monodephia.—Placental mammals, 
Super-order I. Ineducabilia,—Brain with » relatively small, 
emooth cerebrum, 
Order 1. Bruta.—Ineisors abeent; sometimes toothless. 
(Bradypus) 


Order 2. Glires—Rodents, incisors large, (Scluzax,) 


Order 8. Insecticora.—Fore liabs often peculiarly adapted 
for barrowing ; molara with conical cusps, (Scalopa.) 


Order 4. Chiroptera.—Fore Viens adapted for fight, (Ves- 
pertilio,) 


Super-order If. Kdveatitia.—Beain with a relatively largo, oon- 
voluted cerebrum, 


Order 5, Cete—Cetaceans; fish-like in form, no hind 
limbs. (Balana.) 


Order 6. Sirenia,—Fish-like in form, but with ascending 
rami to the lower jaw; teeth raminant-like, (Mana- 
tus.) 


Order 7. Prodoscidea.—Snout protonged into a proboscit, 
(Blephax) 


Order 8. Hyracoidea—Loog curved ineisors; feet with 
pads ; toon encasod In hoofs, (Hyrax.) 


Order 9. Toxodontia,—Extinct forms, with well developed 
inclsors, (Toxodon.) 


Order 10, Ungulata,—Ungulaten; toes encased in hoofs. 
(Equus, Bos.) 


Order U1. Cornécora.—Teeth pointed; claws large. (Felis, 
Canis) 


Order 12. Primates.—Brain with cerebrum nearly or quite 
covering the cerebellum ; nails usually present; body 
quadrapedal, qaadramanous, or erect and bimanous, 
(Cobua, Gorilla, Homo,) 


‘aboratory Work.—All the eraniate vertebrates may be dissected in 
same gonoral manner, either under water in pans, or, if largo, upon 
dimocting table, ‘The necessary tools are a scalpel, forceps, acis- 
1, and tenacalum or hook for suspending the wpecimens of yor wan 
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of large subjects for betier facility in dissecting. A small 
pointed narrow-bladed scalpel, besides a large one, carved, ss) 
sharp-pointed scissors are useful, with a German silver blo 
for temporarily distending vessels; and also « blant-pointed | 
wire or probe made for surgeon's use, will be necessary. All th 
struments, put up in a compact box, can be purchased at thes 
instrument maker's, as well as syringes for injecting the cir) 
organs and vascular parts of the viscera. 


Tanulak View OF THE SEVEN CLASSES OF VERTEBRATI 
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Aves.—Birds, 
11A.—Snakes, lizards, ete, 








CHAPTER IX, 
COMPARATIVE ANATOMY OF ORGANS, 


Havine studied the morphology of animals in a aystem- 
atic way, it will be well for the student to make a brief re- 
view of those facts stated in the foregoing chapters bearing 
on the origin and successive degrees of complication of the 
most important organs. 

Organs of Digestion—The Mouth and Teeth.—The most 
important organs in the animal system are those relating to 
digestion, a8 an animal may respire solely through its body- 
walls, or do without a circulatory or nervous system, but 
must eat in order to live and grow. The opening by which 
the food is taken into the alimentary canal is called the 
mouth, whether reference is made to the ‘‘ mouth” of a 
hydra or of a vertebrate ; although the structure of the edges 
may differ radically, still in all Mefazoa the mouth is due to 
an inpushing of the ectoderm, however differently the 
edge of the mouth may be supported and elaborated. The 
edges of the mouth are usnally called the lips, but trne lips 

_ for the first time appear in the Mammalia. The trituration 
or mastication of the food is accomplished among the in- 
vertebrates in a variety of ways, and by organs not always 
truly homologous. 

Hard bodjes serving as teeth oceur for the first time in the 
animal series in the sea-urchins, where a definite set of cal- 
careous dental processes or teeth (Figs, 78 and 79), with solid 
supports and a complicated muscular apparatus, sorves for 
the comminution of the food, which consists of decaying an- 
imals and sea-weeds. In those Echinoderms which do not 
have asolid framework of teeth, the food consists of minute 
forms of life, protozoans and higher soft-bodied animals, 
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purpose effected by the serrated edges of the mandibles of 
r e Crustacea and insects, 
rtebrutes, the lancelet i# no better off than the 


different apparatus from the jaws and its skeleton in the 

higher ve rtebrates ; and that, even in the latter, the bony 

essentially in form in the different classes, 

nating in the same mannor in embryonic life. 

we have seen that the mandible and maxilla are 

jorny plates, that true teeth are remarkably ex- 

the gizzard being, however, provided with two 

hard grinding surfaces ; on the other hand, mammals with- 
out teeth are exceptionable. 

The teeth of fishes are developed, not only in the jaws, 

but on the different bones projecting from the sides and 


roof of the mouth, and extend into the throat, In many 
cases, in the bony fishes, these sharp recurved teeth serve to 
prevent the prey, such as smaller fish, from slipping out of 
On the other hand, the upper and lower sides 
0 rtain rays (AMgyliobatis) are like the solid 


h are + wallow without being crushed in the mouth ; 
trae teeth in the duckbill are wanting, their place being 
taken by the horny processes of tho Jaws, while in Steller’s 


for crushing the leaves of aquatic succulent plants. 

les of the most highly differentiated teeth in verte- 
 arosoen in those animals, like the bear, whose food is 
omnivorous, consisting of flesh, insects, and berries, where 
the crown of the molars are tuberenlate; whilo the canines are 
adapted for holding the prey firmly aa well as for tearing the 
flesh, and the incisors, for both cutting and tearing the food. 
The simplest form of a genuine digestive or enteric canal 

is to be found in the Hydra, and in a more advanced stage 
in the marine Hydroids. For the technical name of the 
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Organs of Circulation.—Intimately wasociated with the 
digestive canal are the vessels in which the products of di- 
gestion mix with the blood and supply nourishment for the 
tissues, or, in other words, for the growth of the body. In 


taken up by the cells lining the colum, while ptr ecea 

fectly formed blood also finds access to the hollows of the 

| tentacles. The mode in which the cells lining the canals 

take up, by means of the large cilia, micro- 

les of food, directly absorbing them in their 

substance, is an interesting example of the mode of nourish- 
ment of cellular tissues of the lower animals. 

‘The sea-anemone presents a step in advance in organs of 

circulation ; here the partly digested food escapes through 

the open end of the stomach into the periviscen! chambers, 


the uction of the cilia, with the contractions of the body, 
churning the blood, consisting of sea-water and the particles 
of digested food, and a few blood-corpuscles, hither and 
thither, and forcing it into every interstice of the body, 

the tentacles, so that the tissues are everywhere 


worms as the Nemertes and allies on the other, where defi- 
nite tubes or canals, the larger ones contractile, and in the 
latter type at least formed from the mesoderm, serve to 
convey a trac blood to the various parts of the body, that 
we have a definite blood system. In the Echinoderms « 
trne hwmal or vascular system may co-exist with the water- 
vascular system. In the annelids, such as the Nereis, one 
of the blood-vessels may be modified to form a pulsating 
tube or “ heart,"’ by which the blood is directly forced out- 
ward to the periphery of the body through vessels which may, 
by courtesy, be called arteries, while the blood returns to 
tho ‘‘ heart ’’ by so-called veins. 

The mollusks haye a circulatory system which presents a 
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Organs of Respiration.—AlwiYs in intimate relation with 
the circulatory system are the means of respiration, The 
process may be carried on all over the body in tho simple 
animals, such as Protozoa or sponges, or, as in Conlonterates, 
it may be carried on in the water-vascular tubes of those 


tions by the same vessels, pg ee mn however, 

to be more active in such finely subdivided parts 

of the body as the tentacles of polyps, of worms, or any 

filamentous subdivisions of any of the invertebrates ; these 

parts, usually called gills, though only the gills of fishes are 

truly such, present in theaggrogate a broad respiratory sur- 

. Into the hollows of these filamentons processes, 

which are nsually extensions of the body-walls, blood is 

driven through vessels, and the oxygen in the water bathing 

I filters through the integument, and immediately 
gains access to and mixes with the blood. 

The gills of the lower animals appear at first sight as if 

distributed over the body in a wanton manner, appearing 

pecies on the head, in others along the sides of the 

others on the tail alone ; but in fact they always 

ituations as are best adapted to the mode of 


1 

of many of the lower animals afford an admira- 
tance of the economy of nature. The tentacles of 
polyps, polyzoans, brachiopods, and many true worms serve 
1s, us delicate tactile organs, for grasping and conveying 
» tho mouth, and often for locomotion. The suckers 
feot”’ of star-fish or sea-urchins also without doubt 
m. the office of gills, for the luxurionsly branched, 
fully-colored tentacles of the sea-cucumber are simply 
modifications of tho ambulacral feet. Ono of the readiest 
f judging of the mental condition, so to speak, of a 
such as Subella or Terebrella or of a polyzoon or a 
hiopod, is to watch the movements of their beautiful 
delicate gills, which are thrust in or out, waved back and 
forth, slowly or suddenly, according to the degree of tran- 

quillity or disquietude of their possessors, 
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tion of a cell being muscular, the other nervous in its fanc- 

tions. 
 _ Amore definite nervous organization is the disconnected 

bodies and rod-like nerve-cells, and other nervous bodies 

found near the eye-spots, and the nerve-cells and fibres at 
if the base of the sea-anemone ; but, as has been stated, a gen- 
mine nervous system for the first time appears in certain 
naked-eyed jelly-fishes, in which it is cireular, sharing the 
radiated disposition of parts in these animals. ‘The Echin- 
oderms have a well-developed nervous system, consisting of 
a ring (without, however, definite ganglia, though masses of 
ganglionic cells are situated in the larger nerves), surround- 
ing the wsophagus, and sending a nerve into each arm ; or in 
the Holothurians situated under the longitudinal muscles 
radiating from that musele closing the mouth. 

In all other invertebrate animals, from the worms and 
mollusca to the crustaceans and insects, the nervous system 
is fundamentally built upon the same plan. There is a pair 
of ganglia above the wsophagus called the “ brain ;” on the 
under side is usually asecond pair ; the four, with the nerves 
or commissures connecting them, forming a ring. This ar- 
rangement of ganglia, often called the “* asophageal ring,”” 
constitutes, with the slender nerve-threads leading away from 
them, the nervous system of the lower worms, in many of 
which, however, a3 also in the Polyzoa and Brachiopoda, 
the sub@sophageal gunglia are wanting. Now to the 
axophageal ring with its two pairs of ganglia add a third 
pair of visceral ganglia, and we have the nervous 
of the clam and many mollusks. In the higher ringed 
worms, the Annulata, and in the Ornstacea and Insects, a 
chain of ganglia, or brains, which is ventral, lying on the 
floor of the ewlum or body-cavity, completes the highest 
form of nerve-centre found in the invertebrate animals, 
unless we except the mass of ganglia, partly enclosed in an 
imperfect cartilaginous capsule of the Cephalopods, which 
hints at the brain and skull of Vertebrates. The nervous 
cord of the Appendicularia, an Ascidian, is constructed on 
the same plan as in the Annulata, but the mode of origin and 
apparently dorsal position of the nervous system of the 
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vly perfect eye, consisting of a projecting spherical lens 
| d by the skin, behind which is w vitreous body, a 
ayer of pigment separating a layer of rods from the exter- 
gal part of the retina, outside of which is the expansion of 
he optic nerve, Eyes are also, situafed on the end of the 
dy in some worms, and in a worm ealled Polyophthalmus 

ch segment of the body bears a pair of eyes. 
‘The eyes of mollusks are, as a rule, highly organized, un- 
lin the cuttle-fish the eye becomes nearly as highly de- 
oped as in fishes, but still the eye of the cuttle-fish is not 
ologous with that of Vertebrates, since in the former 
crystalline rods are turned toward the opening of the 
while in Vertebrates they are turned away from the 


yaur show, the resemblance between the eye of the Ce- 
h ods and of the Vertebrates is a superficial one. 
as we have seen, the eyes of the worms and the 
n0 are situated arbitrarily, by no means invariably 
placed in the head, in the Crustaceans the eyes assnmo in 
neral a definite position in the head, except in a schizo- 
pod crustacean (Zuphausia), where there arc eye-like organs 
n the thorax and abdomen. In insects there are both sim- 
ple and compound eyes occupying definitely the upper and 
ont part of the head. 
The eyes of the lancelet are not homologous with those 
of the higher Vertebrates, being only minute pigment spots 
omparable with those of the worms. In the skulled Ver- 
jebrates the eyes are of a definite number, and in all the 
iypes occupy a definite position in the head. 
The Ear.—The simplest kind of auditory organ is to be 
found in jelly-fishes, where an organ of hearing first ocours. 
‘in these animals, situated on the edge of the disk, are minute 
esicles containing one or more concretionary bodies or 
ystals. Reasoning by exclusion, these are supposed to rep- 
esent the ear-vesicles or ofocysts of worms and mollusks ; 
nd the concretions or crystals, the ofoliths of the same kind 
of animals, 
The otocysts or simple cars of worma and mollusks aro 
ninute and usually difficult to find, especially the auditory 
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side in bundles (¢) ; from each one acilium or “ tail” grows 
out, when they are set free from the mother-cell. In this 
tailed form they are very active, and effect tho fertilization 
of the egg of an animal of the same species. ‘This is due to 
contuct of one spermatozoon with the female pronuclous situ- 
ated in the egg. Immediately after the spermatozoon has 
penetrated into the egg, its ‘* head” is converted into a 
nucleus, called the male pronucleus ; after this, radiating 
strim make their appearance around its surface ; then the 
male pronucleus travels toward the female pronuclens, and 
finally the male and female pronuclei fuse together and form 
the first “* segmentation nucleus.’” 

‘This nucleus subdivides, and the result is a mass of cells 
resembling a mulberry, and hence called the morula. The 
outer circle of the cells of the snorula may horeafter form 
what is called the blastoderm ; after a while it pushes in at 
one point, and the portion thus forced is callod the inner 
germ-layer (endoderm) and the onter is called the ectoderm 
or outer germ-layer, and in this condition the gorm is called 
agastrula, Subsequently, a third layer develops from the 
others—just how is not certainly known—and after this the 
different tissues become developed. 

All animals, from sponges to man, become first two- and 
afterward three-layered sacs ; 80 that all animals above the 
Protozoa not only, a3 a rule, originate from eggs, but may be 
said to travel, up to a certain point, the same developmental 
path, From this point the members of different types of 
life diverge. How different are the modes of development 
of animals has been set forth in. the different life-historica 
related in the foregoing pages of this book.* But the laws 
of growth are as atable and uniform—certain causes pro: 
ducing certain results—as the laws of the motions of the 
heavenly bodies. 

When the workings of these Inws of development are in- 
torfered with by sudden accidents, by too scanty nourish- 
ment, and by the transmission of the effects of such acci- 


* For a fuller, more consecutive, though atill fragmentary account, 
‘the reader Is referred to the author's Outlines of Comparative Em- 
bryology, or Life Histories of Animals, including Man.” 
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} layer are destined to arise the skin and wall of the body 
with the nervous aystem ; from the second (mesoderm, in 
the embryo called the mesoblast) are formed the heart and 
the vascular system, as well as the stomach and intestines. 

‘The middle layer now thickens, causing the mark known 
as the ‘* primitive streak,”’ along the middle of which runs 
the “primitive groove." The notochord now appears and 
the primitive vertebra (protovertebra, Fig. 540). The am- 
nion arises a8 a membrane, splitting off from the outer germ- 
layer of the embryo, and finally forms a cavity which is 
filled with a fluid. About this time the allantois arises as 
an offshoot of the alimentary canal, budding out at the 
hinder end of the embryo, and finally curring over the em- 
bryo, serving as a fostal respiratory membrane. 

Second Day.—The three portions or vesicles of the brain 
now appear (Fig. 540), as well as the alimentary tract and 
heart, both arising in the head-fold or enlargement (Fig. 540, 
a toc), and soon the blood-vessels arise as channels in which 
blood-corpuscles appear, originating as amoba-like cells 
separating from the cellular mass of the mesoderm. Dur- 
ing the second day also the eyes and ears begin their devel- 
opment, being at firat simply folds or inpushings of the 
outer germ-layer. 

Third Day.—This is one of the most eventful days, aa im- 
portant steps in the elaboration of the different organs are 
taken ; the different parts of the brain, of the alimentary 
tract and its appendages being sketched out, and the rudi- 
ments of the lungs, the liver, pancreas, nose, and different 
parts of the eye and ear appearing. On the fourth day the 
wings and legs grow out, appearing first as flattened buds. 
‘The notochord, which is indicated by the second day, by the 
sixth begins to diminish in size, disappearing by the time 
the chick is hatohed, while by the twelfth day the deposition 
of bono in the bodies of the vertebra commences. Betwoen 
the eightieth and one hundredth hour the internal differences 
in the sexes appear, the teates beginning to arise on the 
sixth day. 

Fifth Day.—The limbs have by this time developed 
to show the knee- and elbow-joints, aa well as the or 
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which precede the formation of the bones of the digits and 
limbs. The primitive skull also arises from the mesoderm. 

Until the sixth day it would be impossible to say whethor 
the embryo was that of a bird, reptile, or mammal, but now 
the characters peculiar to birds appear. ‘The wings and logs 
manifest their bird-like characters, the crop and intestinal 
cen are indicated, ‘ the stomach takes the form of a giz- 
zard, and the nose begins to develop into a beak, while the 
incipient bones of the skull arrange themselves after the 
avian type. . . . From the eleventh day onward, the embryo 
successively puts on characters which are not only avian, 
but even distinctive of the genus, species, and variety” 
(Balfour). By the ninth or tenth day the feathers originate 
in sacs in the skin, while the nails and scales begin to ap- 
pear on the thirteenth day, and at this time tho various 
muscles of the body can be distinguished. Development is 
thus seen to be from the general to the special, from the 
simple to the complex ; the trunk is first indicated ; while 
the peripheral parts—i.e., the extremities, the digits, the 
skin, feathers or scales, or hair, whatever be the typo of 
Vertebrate—are the last to be elaborated ; in other words, 
the characters of the branch, class, and ordors are tho first 
to be evolved, those of the family, genus, und species the 
last, 

The development of the rabbit, guinea-pig, or any mam- 
mal, including even man, follows much the same order as 
in the chick, there being, however, a well-marked morala ; 
the differences are due to the fact that the embryo mammal 
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by the geological succession of the ropresontatives of the 
different classes, as without much doubt lancelets (or at least 
acraniate, boneless forms) were the first Vertebrates to ap- 
pear, and we know that fishes appeared before Amphibians, 

that their type culminated before the reptiles held full 
away in Mesozoic times, and that birds, after them mam- 
mals, and, last of all, man appeared, who crowns the series 
of vertebrate forms. 

Metamorphosis.—While many animals are hatched like 
the chick with the form of the parent, others pass through 
a series of changes of form called metamorphoses ; theac 
changes of form adapt the animal to changes in its sur- 
roundings, involving alterations in its mode of life—slight if 
the change of body-form is slight, thorough-going and radi- 
cal if its body becomes profoundly modified. As an exam- 
ple of a complete metamorphosis may be cited the life-his- 
tories of the jelly-fishes, the star-fish, sea-urching, sea-cn- 
cumbers, the marine-worms, the mollusks, the crustaceans, 
insects, and the salamanders and toads and frogs, already de- 
scribed in the foregoing pages. If the student will read and 
compare these different accounts, and then consider the 
striking differences between the complicated histories of cer- 
tain species, compared with the direct mode of growth of 
other species of the same order or family, or even of the 
same genus, the inquiry will arise, What is the purpose or 
use of such a series of changes? If he look carefully into 
the embryological changes of those species which are born 
or hatched with the form of the adult, he will see that their 
embryological history is, in point of fact, a condensed suin- 
mary of the changes undergone after hatching by their oo- 
species, which, to gain the same adult form, have been sub- 
jected by nature to a sories of complicated, and, at first 
sight, suporfiaous changes of form and environment. 

Most shrimps and crabs undergo # complicated metamor- 
phosis ; in the different changes of forms they lead different 
lives, and are subjected to different surroundings, the laryu, 
for the most part, boing free-swimming and living near the 
surface of the water, while the parents are stationary, The 
barnacle, when very young, swims near the surface of the 
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of which lay eggs, while the redia or proscolex of the same 
worm produces cercaria by internal budding. Here also 
may be cited the cases of strobilation of the Aurelia, the 
tapo-worm, the Nuis, Syllis, and Autolyens, among Aune- 
lids. Thusamong Corlenterates and worms, as well a3 some 
Crustacea, a large number of individuals are produced, 
not from eggs, but by budding. 

Similar occurrences take pluce among insects, as the 
Aphis or plant-louse, in which a virgin Aphis may bring 
forth in one season nine or ten generations of Aphides, so 
that one Aphis may become the parent of millions of 
young. These young directly develop from eggs or buds 
which are never fertilized, hence the term parthenogenesis, 
or virgin-reproduction, sometimes called ayamoyenesis (or 
birth without marriage). The bark-lice as well us the 
Aphides develop in this manner during the warm wea- 
ther; but at the approach of cold both male and fomale 
Aphides and Coccide appear, the females laying fertilized 
eggs, the first spring brood thus being prodnced in the 
normal, usual manner. 

Still more like the production of young in the redia of 
the Trematode worms is the case of the larvaof a small gall- 
ghat (Miastor), which during the colder part of the year from 
autumn to spring produces a series of successive generations 
of larvw Jike itself, until in June the last brood develops 
into sexually mature flies, which lay fertilized eggs. 

While the larval Miaster produces young like itself, the 
pupa of another fly, Chironomus, also lays unfertilized eggs, 

A number of moths, including the silk-worm moth, are 
known to lay unfertilized eggs which produce caterpillars, 
Among the Hymenoptera, the currant saw-fly, certain gall- 
flies, several species of ants, wasps (Polistes), and the honey- 
bee, are known to produce fertile young from unfertilized 
oggs ; in the caso of the ants and. bees, the workers lay oggs 
which result in the production of males, while the fertilized 
eggs laid by the female ant or queen beo produce females 
or workers, 

Taking all these cases together, parthenogenesis is sean to 
be due to budding, or cell-diyision, or multiplication, Now, 
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ants and bees, a distinct form so as to be readily recog- 
nized at firat sight, Among the Colenterates aud worms 
the forms reproducing by parthenogenesis are usually Jarval 
or immuture, as if they were prematurely hurried into ex- 
istence, and their reproductive organs had been elaborated 
in advance of other systems of organs, for the hasty, sud- 
den production, so to speak, of large numbers of individa- 
als like themselves. 

In insects, as we have stated elsewhere,* dimorphism is 
intimately connected with agamic reproduction. Thus the 
summer Wingless, asexual Aphis and the perfect winged 
autumnal Aphis may be called dimorphic forms. The por- 
foct female may assume two forms, so much 8o as to be mis- 
taken for two distinct species. Thus, an oak gall-fly (Cy- 
nips querens-spongifica) occurs in male and female broods in 
the spring, while the autumnal brood of fomales were de- 
scribed originally us a separate species under the name @. 
aciculata, Walsh considered the two sets of females as di- 
morphic forms, and that Cynips acteulata lays eggs which 
produce C. guercus spongifica. Among butterflies, dimor- 
phiam occurs, Papilio memnon has two kinds of females, 
one being tailless, like the tailless male, while Papilio Pam- 
mon is polymorphic, there being throe kinds of females be- 
sides the male. 

There are also four forms of Papilio Ajax, the threo 
others being originally described as distinct species under 
the name of P. Marcellus, P. Telamonides, and P. Walshii. 
Our Papilio glaucus is now known to be a dark, dimorphic, 
climatic form of the common Papilio Turnws, ‘There aro 
dimorphic males among certain beetles, as in the Golofa 
hastata Dejean, of Mexico, in which one set of males ure 
large and have a very large erect horn on the prothorax; 
and in the other the body is much smaller, with a very 
short conical horn. 

‘Temperature is also associated with the production of 
polymorphic forms in the temperate regions of the earth, 
as seen in certain butterflies, southern forms being varictiva 


* Guide to the Study of Insoots, sixth edition, p. 62, 





INDIVIDUALITY AND HYBRIDITY. 657 


of free motion and of maintaining an independent existence. 
So with many other Colenterates and with the tapeworm, 
whose proglottides or segments are finally capable of sepa- 
rate existence. Among the higher invertebrates, even the 
difforont members of a colony of white or true ants lack a 
certain amount of individuality, the workers performing 
labors upon which the maintenance of the very existence of 
the colony depends, so that there are different grades of in- 
dividuality, from examples like the Hydractinia and the 
Siphonophores up to those insects which live socially ; and 
we sce that the most perfect individuality exists in those 
animals which can most efficiently provide for their own 
sustenance and for the continuance of their species. 

Hybridity.—It is rare that two species, even of the same 
genus, can produce offspring ; when such cases occur, the 
result is called a hybrid. For example, the mule is a hybrid, 
being bred from a female horse and an ass; bat the mule 
is not fertile, and hybrids are very rarely fertile. The In- 
dian dog and coyote are said by Coues to interbreed, and 
on the Upper Missouri we have seen dogs which had every 
appearance of being such hybrids. Dogg also cross with the 
fox (Darwin). The American bison is known to breed with 
the domestic cattle, and it seems to be a well-established 
fact that the hybrids are fertile. Fish readily hybridize. 

Darwin states that he knows of no thoroughly well-au- 
thenticated cases of perfectly fertile hybrid animals, though 
he adds, “I have reason to believe that the hybrids from 
Cervulus vaginalis and Reevesii and from Phasianus col- 
chicus with P.forquatus are perfectly fertile.’’ The hare 
and rabbit are supposed to have fertile offspring ; the hy- 
brids of the common and Chinese geese (Anser eyynoides) 
are fortile. The crossed offspring from the Indian humped 
and common cattle interbreed, Caton has hybridized the 
Virginia deer with the Ceylon deer and the Acapuloo deer ; 
“the hybrids seem perfectly healthy and prolific.” Among 
insects over 100 eases of hybridity have occurred, bnt it is 
not known whether the offspring are fertile. 
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tropics, us a whole, being unlike those of the temperate 
zones ; while arctic and antarctic animals have features in 
common. Mountains serve ag most important barriers, re- 
straining animals within their limits ; thus the basins be- 
tween or surrounded by continuous ranges of mountains 
harbor faunw differing from those on the opposite sides of 
the mountains. For example, the majority of the animals 
of the Great Basin between the Rocky Mountains and the 
Sierra Nevada differ from those of the Pacific slope or the 
prairie lands lying east of the Rocky Mountains, as the 
meteorological and geological features are different. The 
Cordilleras of South America form a barrier to the diffusion 
westward of Brazilian animals, Still this fact is not to bo 
taken too literally, as the mountains are divided by valleys 
and rivers, which afford means of communication and an 
interchange of specitic forma; thus certain species of ani- 
mals of the Rocky Mountain plateau occur on each side of 
the range, as do those in the Alleghany district of the At- 
Jantic coast, In the West Indian and especially the Hawa- 
jian Islands, where the species of land snails are very numer- 
ous, certain forms are restricted to the deep narrow valleys, 
being confined to very restricted areas. So also the cold 
Alpine summits of the White Mountains of New Hamp- 
shire, of the Rocky Mountains, of the Alps and Seandina- 
vian mountains harbor a few species either peculiar to those 
extremely limited tracta or found northward in the Arctic 
regions. . 

Deserts may act much as inland seas to separate the ani- 
mals of the adjoining more fertile tracts, und they afford 
dwelling-places for animals which are incapable of living 
elsewhere. Desert faunw have a general facies the world 
over, though the original elements ont of which the faunw 
have been made up may radically differ. 

‘The distribution of plants also has much to do with that 
of those animals which are dependent on them for food ; 
asa rule, the distribution of both plants and animals de- 
pends on the same physical causes. 

Large rivers sometimes act as barriors, but more often, 
perhaps, aid in the diffusion of the smatler forms, such as 
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sometimes for hundreds of miles, and in this apparently 
haphazard way islands are, in part at least, supplied with 
their quota of animal life. 

Great rivers, like the Missouri, Mississippi, and the Ama- 
zons, afford means of transportation from one part of a con- 
tinent to another, from tho interior to the seaboard, of 
which many fishes, insects, and especially fluviatile molluske, 
avail thomselves, Artificial means of crossing broad rivers 
are offered, to insects especially, by conntry-roads and bridges 
and railroud bridges, of which the potato-beetle and the 
cabbage-butterfly have fully availed themselves, Tho Colo- 
rado beetle has advanced steadily eastward, suddenly ap- 
pearing in isolated points in New England, having appar- 
ently been transported by through grain-cars from Chicago, 
and has been carried to Europe in vessels, The European 
cabbage-butterfly introduced into Quebee spread southward 
into Maino along the Grand Trunk Railroad, into New 
York along tho railroads from Montreal to New York, and 
then along the railroads to Washington. 

Geological changes, such as the rise and submergence of 
the edges of continents, and also tho incoming and wane of 
the glacial period, were still more general and fundamental 
means of the dispersal and rearrangement of fauna, 

Division of the Earth into Faunw.—When wo go from 
Maine to California we shall find that the faunistic features 
of the country radicully change three timos. Leaving the 
moist, temperate, forest-clad Atlantic region with its char- 
acteristic animals, and entering on the brond, treeless, dry, 
elovated plateau of the Rocky Mountains, we shall notice 
that the Atlantic fauna has been replaced almost wholly by 
anow and strange assemblage ; and when we descend the 
Pacific slope of the Sierra Nevada, there will be found to 
be a second replacement, though much less marked than 
the first. Again, when we pass from Labrador to the Isthmus 
of Panama, we shall find several distinct faunw, from an 
arctic one to a purely tropical one. If we panse at Wash- 
ington and analyze the fauna of that point, we shall see 
that it is made up mainly of animals common to the Middle 
Atlantic States, with an infusion of northern and southern 








GEOGRAPHICAL DISTRIBUTION. 663 


On inquiring into the origin of the North American 
fauna, in the light of the geological history of the conti- 
nent, we shall find, first, that immodiately preceding tho 
glacial period, Arctic America was peopled by a flora and 
fanna of which the larger proportion of the animals of the 
continent north of latitude 30° are probably the descend- 
ants ; and, second, that a number of species migrated north- 
ward from the South American Continent. Now, when 
the glacial period came in, the semi-tropical and warm tem- 
porate animals of the northern two-thirds of the continent 
were mostly swept out of existence ; a scanty arctic fauna 
took their pluce ; as the ice melted and retroated to its pres- 
ent limits, the present assemblage of temperate ani: 
mostly modified descendants of those originally driven south, 
migrated back again and colonized the region laid compara- 
tively bare by the ice and cold of the glacial period. ‘This 
is an illustration of the sweeping extinctions, recolonizations, 
and extended migrations of animals on our continent in 
former times, by which the existing relations of faunm have 
been bronght about. Parallel events have occurred on the 
Europoo-Asiatic Continent, and thus geological extinctions 
and widespread migrations and recolonizations have taken 
place ; and it is only in this way that tho existing relations 
in the geographical distribution of animals as well as plants 
can be accounted for, 

It should also be observed that in tho beginning of 
things the continents were built up from north to south— 
such has beon ut least the history of the North and South 
American and the Buaropeo-Asiatic and African Conti- 
nents; and thas it would appear that north of the equator, 
at least, animals slowly migrated southward, keeping pace, 
as it were, with the growth and southward extension of the 
grand land masses which appeared above the sea in the Pa- 
leozoic Ages. Hence, acanty as is the arctic and temperate 
regions of the earth at the present time, in former ages these 
regions were as prolific in life as the tropics now are, the 
latter regions, now so vast, having all through the Tertiary 
and Quaternary ages been undisturbed by great geological 
revolutions, and meanwhile been colonized by emigrants 
driven down by the incoming cold of the glacial yeriot. 
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Acadian fauna and a few in the Virginian fauna, as the 
Labrador or polar current passes down along the coast, 
bathing the New England coast north of Cupe Cod, and 
even extending under the warm surface-water as far as New 
Jersey. On the other hand, the groat volume of heated 
tropical water forming the Gulf Stream issuing from the 
Straits of Florida makes its influence most sensibly felt as 
far as Cape Hatteras, and in a diminished degree to Cupo 
Cod, and even southern shells, ete., are found as outliers of 
more southern faunw near Portland, Me., and Nova Scotia. 
As wo descend from the shore into deep water, the tem- 
peratare becomes lower and lower the deoper we go, until 
we come toa stratum or zone of water about 32°-36° Fabr., 
where ciroumpolar or arctic life alone abounds. Wherever 
deep abysses off the coast or at the bottom of bays or gulfx 
occur, the water is found to be colder than elsewhere ; just 
as when we ascend a mountain the air becomes colder, un- 
til at the Alpine summits we find an arctic temperature 
and fauna ; thus, in the sea, increase of depth is paralleled 
by increase of height on land. 
Usually, off the coast of the United States, north of New 
here is a distinct zone of life between high and low 
or, a second extending to the dopth of about fifty fathoms, 
anda third to one hundred fathoms or over, At a depth of 
from one or two hundred fathoms in the Northern Atlantic, 
and from five hundred to one thousand fathoms in the sub- 
tropical and tropical seas, down to the deopost parts of the 
ocean, now known in a fow points to be about five miles in 
depth, the water is about 32° Fahr. und the animal lifo is 
polar in its nature. The water of the ocean all over the 
globe, as shown by the results of tho ‘ Challongor” and 
other expeditions for the exploration of the sea at groat 
depths, everywhere below a depth of one thousand fathoms, 
is of an arctic temperatare, overlaid by the heated water of 
tho tropics, ‘The abysses or deeper parts of the ocean-bed 
support a nearly uniform assemblage of life, which may be 
called the deep-sea or abyssal fauna, The animals largely 
consist of Echinoderms, notably Orinoida, with Canlonterates, 
mollusks, worms, and Crustacea, and it is an interesting fact 
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TV. Indo.African realm, with two regions, viz. : 
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2. Indian region, with two provinces, viz. : 
a. Continental, 
0, Insalar, 


V. South American Temperate realm, with two provinces, riz. 


o, Andean, 
b. Pampean, 


VI. Australian realm, with three regions, vie: 


1, Australian, with two provinces, vin. 


@, Australian, 
b. Papasn. 


9, Polynesian, 
3. New Zealand. 


VIN. Lemarian realm, undivided. 
VII. Antarctic or South Cireampolar, undivided. 


Migrations of Animals.—Intimately connected with zoogeog- 
raphy aro the migrations of animals, especially birds. Neurly all the 
birds of the United States which breed in the central and northern 
portions pass southward in the autumn, and winter in the Southern 
States or in Central America and the West Indies, Most of the birds 
which breed in Northern and Central Europe fly at the approach of 
cold weather Into Southern Europe or across the Mediterranean into 
Northern Africa. Tho causes of this regular periodical migration are 
probably due, primarily, to the changes of the seasons and to the want 
of food in the colder portion of the year, aud, secondarily, to the 
breeding habits of birds. 

‘The periodical migrations of fishes from deep to shoal water are 
connected with their breeding habits, the marine fish being in moet 
cases compelled to spawn in rivers or in shoal-water, The 
movements of fishes along the coast are probably connected with the 
presence or absence of their accustomed food. 

"Tho partial, occasional migrations of locusts depend on the undue 
increase In the numbers of the Insects, and the consequent lack of 
food, while the direction of the swarms is largely dependent on the 
general course and force of the winds, 





HAPTER XII. 
THE GEOLOGICAL SUCCESSION OF 


Tue different systems of rocks, from the 
Quaternary or present age, contain the fossil 
mals, which show that in the beginning the 
as a whole, unlike those now living, the late 
ing more and more like those now constitut 
fauna. The oldest set of animals, the Palzeoz 
species of nearly all the branches of invert 
few fishes. A large proportion of these ani 
either to simple or to what are called gen 
though some were as specialized as any iny 
living. Progress upward has involved the di 
most of the generalized types, and their replac 
or less highly specialized types. Thus the earl 
mostly of the Rugose type, which were succ 
more complicated recent: forms ; the Brachioy 
worms were replaced by mollusks ; the genera 
gave way to the genuine specialized shrimps a 
existing generalized king-crab, with its affini 
has survived a number of still more generaliz 
allies. The generalized sharks and ganoids 
time when there were no bony fishes like th 
ring. Nearly nine thousand species of boi 
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sea-urchins and of ammonites, the older being of simpler, 
more generalized forms, and the later with a groater 
specialization or elaboration of the different, especially ex- 
ternal, hard parts of the body. 

When we ascend to the Amphibians, the reptiles and the 
mammals, we shall find that there hax been an elaboration 
or working out into great detail, of the parts most used by 
the animal, this differentiation being more and more marked 
as we approach the present time ; and this has been in ac- 
cord with the building up of tle continental masses, and 
the differentiation or specialization of the surface of the 
different continents into plains, plateaus, highlands, and 
mountain ranges, with their difforent climatic features, 
and the dividing up of the waters into mediterrancan 
seas, friths, flords, rivers, and lakes, Thus the extinction 
of successive faunm all over the globe has been followed by 
the appearance of new sets of animals, each assemblage be- 
ing adapted to the new and improved condition of things. 

Having sen that the earlier forms of life were of a sim- 
pler form, though often combining the features of diverse 
classes and orders of animals which appeared afterward, #0 
that Agussiz called them, in some cases, prophetic types, 
combining as they did characters which have been trans- 
mitted to two or more later groups, and these specially elab- 
orated, so that such generalized or prophetic types serve as 
points of departure from which several series of forms have 
arison—having traced the law or principle underlying the 
geological succession of animals, we may inquire whether 
this has been parallelod by the development of any one of 
the members of a group. That this ix the case has been 
proved by Hyatt, who shows that the development of the 
individual Ammonite is paralleled by that of the geological 
snecession of the members of the order to which it belongs. 
Stalked Crinoids were the style in Palwozoic ages, while free 
Crinoids are more abundant at the present day; and we 
have seen that in the individual development of the existing 
Antedon, the young is stalked at first, afterward becoming 
free. The young, bony fish has ut first « cartilaginous 
skeleton and a heterocercal tail, these being characteristics 








CHAPTER XIII. 
THE ORIGIN OF SPECIES. 


Tae extinction of species was in some cases gradual, in 
others sudden, so in all probability as different assomblages 
of life became slowly extinct new forms as slowly originated 
from them by genetic descent and took their places. While 
here and there certain species, under favorable circumstances, 
suddenly appeared, if we could have been there to look on, 
it would perhups have been as difficult to have observed the 
process ag it is at the present day to observe the changes 
going on in the relation of existing faunw. We know, 
however, that changes are going on in the world of life about 
us, that the balance of nature is being disturbed. 

The nature of the evidence tending to prove that species 
have originated through the agency of physical and biologi 
cal laws is mainly circumstantial, there being comparatively 
few facts in demonstration of the theory, the direct act of 
transformation of one species into another under the eye of 
scientific experts having never been observed. 

Reasoning @ priori, we assume that organisms, both 
plant and animal, have been created by development from 
pre-existent forms because it agrees with the general course 
of nature, All the events in geology, as in physics and ns- 
tronomy, being due to the operation of natural laws, it is 
reagonubly supposed that the production of all the species 
of plants and animals from original simple forms, like the 
Monera or bacteria, have been the result of the action of 
natural law. ‘The study of the early forms of life found in 
the Palmozoic strata ; the laws of the succession of types ; the 
correlation oxisting between the development of the indi- 
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up into races, and that no two individuals of a ruce are ex- 
actly alike. Where the climate and soil remain tho same, 
the species tends to remain fixed and stable ; remove the 
stability in the environment, or subject tho individuals of a 
species to changes of soil and temperature, and expose it 
more than usual to the attacks of its natural enemies, it 
then begins to undergo achange. ‘This is son in those in- 
dividuals of a species which live on the borders of lowlands 
and highlands, of deserts and fertile tracts, of salt and 
brackish water, of shallow and deep water, and of polar and 
temperate zones, or to the influence of alternating cold and 
warm weather, When, as in somo casos, climatic or other 
agencies suddenly change, we may have species and even 
genera suddenly appearing, as is known to be the case in 
the change of one genus to another of brine shrimps when 
the water changes from brackish to a brine, as worked ont 
by Schmankevitch in Russia. 

The struggle for existence resulting in the survival of the 
fittest is a fact now generally observed. The cod may de- 
posit several millions of eggs, but of this immense number 
only one or a few pair of adults survire ; there are probably 

ish now than two centuries since—indeed, not 


half-grown cod servo to supply the wants of larger animals, 
until finally the survivors may be to the original namber of 
eggs as one to a million. The queen bee may, daring hor 
whole life, lay more than a million of eggs, the queen 
white ant may lay eighty thousand oggs a day, an Aphis 
may be the mother of a hundred young, those hundred may 
each produce their centesimal offspring until the result in one 
season, at the end of the tenth generation, amounts to 
quintillion of plant-lice ; but most of theao insects serve as 
food for other species, many die of disease and cold, until 
at the end of the season only one or several pairs survive to 
lay « few eggs, which represent the species in the winter-time. 

Lastly, the variation in domestic animals, the result of 
the subjection of the species to influences not felt in what 
we call a state of nature, is an indication that animals not 
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exposed to humun interference may vary when s 
changes in their environment. Also the fact that 
careful selection, breed races of horses adapted f 
speed, or the road ; races of cows for different 

milk ; beeves for meat ; races of sheep for pre-e1 
the quality of their wool or mutton, or races ; 
poultry for beauty, usefulness, or other qualities 
that gentleness, and generally good mental qualil 
made to replace viciousness in horses, eattle, dogs 
and many other facts, in the art of breeding anin 
to fanciers, indicate that nature has, through the 
by the operation of natural laws, evolved races 4 
of animals which have followed constantly impr 
of development, the outcome of which are creatur 
fitted to withstand the struggle for existence, the 
ful in the scheme of nature, and the most in har! 
the world about them. Progress, on the whole, 
has been beneficent, the best proof of which i; 
product of evolution, man, the paragon of creatic 


CHAPTER XIV. 
PROTECTIVE RESEMBLANCE, 


Crosery related to the foregoing subjects is the protective 
resemblance or “' mimicry”? of natural objects by which spe- 
cies of animals are preserved from extinction. Animals may 
“mimic” or imitate, or be assimilated in shapo or in color 
to natural objects, as stones, lichens, dry bushes, the bark 
of trees, or portions of loaves, or entire leaves, fresh or 
dried, and their stems, or s0 closely imitate other animals 
which enjoy an immunity from attack as to escape notice 
or attacks from their enemies, and thus prolong their own 
lives and that of their species, 

The animal is, as 4 rule, unconscious that it is thus’ pro- 
tected ; though there are examples, a8 in the case uf the 
trap-door and other spiders, which cover thoir holes in such 
a way to avoid notice that it would appear as if they were 
semi-conscious or aware of what they were doing. 

Tn the first place, we know that animals may be deceived, 
as is proved by the various subterfuges employed by hunters 
in tolling or deceiving the larger quadrupods, the nse of 
decoy-ducks, by which water-fowl are often thoronghly de- 
ceived and brought within reach of the gun, * 

‘The disguises worn by animals, the exquisite adaptation 
of the colors of their fur or feathers to their surroundings, 
are partof the general harmony existing throughout natare. 
Desert animals aro rusty or light-colored ; birds and insects 
and lizards, as well as frogs and tree-toads, which live among 
trees, are green; those which live among the tranks and 
larger branches of trees ussimilate in color to the color of 
the bark. The cougar, which clings to the trank of some 
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back. Tho caterpillars of the geometrid moths often won- 
derfully mimic the stems of the plants they feed upon, in 
color and markings, even to the 
warts and tubercles on their skin. 
As an example of possibly con- 
scious mimicry or effort at conceal- 
ing their nest from the search of 
their enemies, may be cited the trap- 
door spider observed by Moggridgo 
in Southern Europe. ‘This spider 
digs its hole among moss and small 
@ ferns, and after the trap-door is 
made the top is covered with growing 
unk Maat ose ferns, ote., transplanted by tho spider, 
and the deception is 90 perfect that 
Mr. Moggridge found it difficult to detect the position of 
the closed trap, even when holding it in his hand. 
Mimiory of other inseots is of 
very frequent occurrence, certain 
flios resembling bees in appearance 
and the sounds or buzzing they 
make; tho Syrphus flies closely 
imitate wasps. Fig. 545 illustrates 
acase observed by Belt in Nicara- 
gua, where a wasp (Priocnemis) is 
mimicked by a hemipterons inseot 
(Spiniger luteccornis Walker, the 
left-hand figure) in every part, 
even to its vibrating, brown, semi- 
transparent wings and its wasp-liko 
motions. Here the bug ix evidently 
protected by its resemblance to the 
wasp, for whose ferocity and sharp 
sting all unarmed insects have 
great respect. 
Some buttertlics aro distastefnl Vig. 544.—Selek taseet, 
to birds, and there are other but- 
terflies which have no bad taste, but closely resemble in 
color such species ns are passed over by birds. Thus, 
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ery of red and blue, hops about in the day-time, and, as he 
proved by experiment, is thoroughly distasteful to fowls 
and ducks. 

We have scen that many animals resemble externally those 
abore them in the scale of life ; in the synthetic or general- 
ized types from which the more specialized forms have prob- 
ably originated, there are characters which cause them to 
resemble more recent, new-fashioned types. It is possible 
that in many cases the older types, doomed as they were to 
destruction, have had their existence prolonged by their 
protective resemblance to modern types. 

For examplo, the Newroptera as a group are geologically 
of high antiquity ; owing to geological extinction, but few 
species, compared with those of other orders, have survived ; 
and those which are now living often resemble mombers of 
higher, more recent orders. The inference is, then, that 
the mimickers have survived by reason of their resemblance 
to the more abundant forms which appeared, as the moro 
old-fashioned types were waning or dying out. 

Certain Brazilian species of the lepidopterous family, 
Zyganide and Bombycide, mimic in form and coloration 
certain butterflies, especially the Meliconida, which abound 
in Brazil. The former groups are evidently the older geo- 
logically, as there are wide gaps between the genera; and 
the indications aro that these butterfly-like moths have 
likewise, from their resemblance to the more abundant Heli- 
conide, been preserved. It thus appears that protective 
mimicry may be an important factor in the preservation of 
species. 











mals closel; oytoximate | 1 
all minntee endowed with suf 
the ordinary exigencies of life, and that so 
and mammals are able, on occasion, to m 
emergencics—in other words, to rise wi 
These occnrrences indicate that what ust 
name of ‘instinct’? is more or less p 
that animals are ina limited degree free age 
of choice. Moreover, those naturalists w 
closely and patiently the habits of anima 
to state their belief that animals, and ¢ 
others, possess reasoning powers which 
rather than in kind from the purely in 
man. 

As a matter of not infrequent observatic 
cise the power of choice, they select this 


INSTINCT AND REASON, 681 


not only have feelings, intelligence, und volition, but are 
possibly, in a very slight dogree, self-conscious, The fact 
that animals exercise discrimination in the selection of 
food, in the choice of a flower or object of one color in 
preference to another, in perceiving likeness or nnlikeness in 
two objects, indicates that they can exercise the power of 
intelligent discrimination, as has been said by Mr. G, H. 
Lewes :* ‘* When there is no alternative open to an action 
it is impulsive ; when there is, or originally was, an alter- 
native, the action is instinctive; where there are alterna- 
tives which may still determine the action, and the choice 
is free, we call the action intelligent.’” 

Indeed, animals have the principle of similarity strongly 
doreloped. It is the bond that holds together the social or- 
ganizations of such insects as live in colonies, and such fish, 
birds, or mammals as go in schools, flocks, or herds, Were 
it not for this mental quality some species would tend to 

| die ont. 

Animals possess memory, which consists in storing up in 
| the mind the results of external impressions, so that they 
| are enabled to perceive the points of resemblance or differ- 
| ence between two objects, after having been out of sight of 
| them for a greater or less Iongth of time. Bain defines 
| memory, acquisition or retention, as “being the power of 

continuing in the mind impressions that are no longer stim- 
| alated by tho same agent, and of recalling them afterward 
by purely mental forces.”* 

With the aid of memory, birds make their migrations, 
bees and ants find their way back to their nests, As we 

have elsewhere said, ‘No automaton could find its way 
back to a point from which it had once started, however 
| well the machine had been originally wound up. Nor does 
he common notion of an inflexible instinct meet the cuse. 


and experiences lay the foundation for instinctive acts; it 
| is the sum of these inherited experiences which make up 


* Article on Instinct In Natare, April 10th, 1878. 
4 Half Hours with Insects, p, 874. 
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(Stinctively, and that they were not suddenly or specially 
jendowed with instincts. 

Rey. J. J. Murphy, in his work entitled ‘‘ Habit and In- 
|telligence,”’ seems to regard instinct as the sum of inherited 
jbabits, remarking that “ reason differs from instinct only 
jin being conscious, Instinct is unconscious reason, and 
{reason is conscious instinct.” This seems equivalent to 
jsayiny that most of the instincts of the present generation 
(of animals is unconscious automatism, but that in the begin- 
ning, in the ancestors of the present races, instincts were 
more plastic than now, such traits as wore usefal to the or- 
ganism being preserved and crystallized, ag it were, into the 
instinctive acts of their lives. This does not exclude the 
idea that animals, while in most respects antomata, occa- 
sionally perform acts which transcend instinct ; that they 
are still modified by circumstances, cspecially those species 
which in any way come in contact with man ; are still in a de- 
gree free agents, and have unconsciously learned, by success 
or failuro, to adapt themselves to new surroundings. This 
viow is strengthened by the fact-that there is a marked de- 
greo of individuality among animals. Some individuals of 
the same species arc much moro intelligent than others, 
they act as leaders in different operations. Among dogs, 
horses, and other domestic animals, those of dull intellect 
are led or excelled by those of greater intelligence, and this 
indicates that they are not simply automata, but are also in 
a degree, or within their own sphere, free agenta. 
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GLOSSARY, 


ee 


Anpomey. In mammals the part 
of the trunk below or behind the 
thorax ; In inseots the third re- 
gion of the body, or hind body. 

Awennaxt. Departing from the 
regular or normal type. 

Aponat. Opposite tho 
mouth-region. 

Acumrxate, Ending in a pro- 
longed point. 

Atveotvs A hollow cavity 
forming the socket in the jaw 
of vertebrates for the teeth, 

Axavutacnose (Lat. from anv 


oral or 


lare, wo walk, a gardon-walk). | 


‘The perforated space or ares in 
the shell of the sea-urchin or the 
arm of astar-fish, through which 
the foottabes or ambulactal 
foot are protruded. 
Axerapoize (Gr. 
metabole, change). Referring to 
insects and other animals which 


do not undergo a metamorpho- 
sis, 
Amonraocs Se a, privitive ; 


Axrutcatous (Gr, amphi; Reilor, 
hollow) Applied to vertebre 


-| 





running into exch other lke 
yeing, 

Axeurcoss. The growing to- 
gether of two bones so aa to pre- 
‘vent motion betweea them, 


| AxsuLare, When a log or antenna 


is surrounded by narrow rings 
of a different color. 
ArtacestalL. Referring to those 
mammals in whieh the embryos 
‘aro destitute of a placenta, 
Aropovs. Footless, 
Aptenous (Gr. «, without ; peron, 
Destitute of 


Soro, L carry, Applied to. the 
water-curryiag or water-vasoular 
system of the sponges, etc, 

Annotate, Furnisted with small 
reas ; like « net-work, 


i| Anesrare. Parnished with abair, 


Anranoropa (Gr. «, without; 
arthros, a joint; pour, polos, 
foot), Thosd Articulata with 
jointed feet, 

| Anrtconata (Lat, artiowlus, di- 
minutive of artis, &  jobnt), 
Curlor's subkingdom of worms, 
erustaces and Insects, 

Awrtiopscrrtas (Gr. artios, even ; 
dakintos, Auger or two}, Those 


which are doubly concave, or) Ungulates with an even number 


hollow at both ends. 
Anastomosixa, 


‘of toes, as the ox. 


Tnosculating or! Asexvan. Applicd to aaimals, 
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vies ; in many insects the fore|Equitareran, Having the sides 


stomach or proventriculus. 
» Coricie. The outermost layer of 
the integument, 


Dextare. Furnished with teeth. 
Diwerrera (Gr. dis, two, or doa- 
ble ; delphus, word). The sub- 
class of Marsupials, 
Dirreeexttiation. The special- 
fzation or setting apart of special 
organs for special work, as the 
specialization of the hand of man 
from the fore-fuot of other mam- 
mals ; also applied to the speciad 
development during embryonic 
life of parts adapted for peculiar 
or special functions. 
Douvtate Half round. 
Duectows (Gr, dis, two; oltos, 
house). With distinct sexes, 
Dirrera (Gr. dis, two; preron, 
wing). Two-winged files; un 


from a vessel or from the 
alimentary canal. 


Ecprsts (Gr. ebfuals, casting off). 
‘The process of casting the akin ; 
moulting. 


Ecurropensata (Gr, eohinos, 


equal, as in Brachiopod shotla, 
Equrvanve. Applied to shells tike 
the clams and most Lamelli. 
brapchs, which are composed 
of two equal pieces of valves, 
Exsxutep, Protraded , opposed 
to enclosed. 
Exuvium. Cast-off skin. 


Fissrranous (Fat, flams, cleft; 
pario, to bring forth). Applied 
toa form of asexual 
where the parent splits into two 
parts, each part becoming a new 
individual, 


Gruairanovs (gemma, 
pario, to bring ei Appeal 


shone thn to take food by 


nero hae hemi, half; pterom, 
wing). Anorderof insects with 
the fore-wings partly opaque, 
hence called hemelytra, 

| Hgacarnnoprre (Gr. Hermes, 
Mercury; Aphrodite, Veaus). 
Any animal having the organs of 
both sexes, usually the ovary 
and testes, combined in the sano 
individual, 
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Oviranove (Lat, oewm, an egg; 
porto, 1 bring forth). Applied 
to nnimals bringing forth eggs 
fnatead of living, active young. 

Oviros Tor (Lat, orem, an ogg: 
pono, I place), An organ In in- 
sects homologous with the sting, 
by which eggs are deposited in 
solid substances. 

Ovmac, A me or baglike mem- 
brane attached to the parent, 
and containing exes. 

Ovo-viviparovs (Lat. orum, an 
ogg ; reuse, alive ; pariy, I bring 
forth). Applied to such animals 
as retain thelr eggs in the body 
until they are hatched, 


PaAtirom (Lat. nclosk). The man- 
tle or body-wall of mollusks, 
which secrotes the shell; adj. 
pallial, 

Panexciraa (Gr. poregehwma, 
from para, en, chwo, something 
poured In besides). Apptied to 
the proper substance of viscera, 
exclading connective tissue, 
Dlood-vessela, and other accesso- 

rts, 


ry pa 

Petacre. Living on the high 
seas, away from the coust ; in 
mid-ocean. 

Pentsomx (Gr. peri, around ; sma, 
body). In Crinoids the oral re- 
gion of the cup or body, 

Peunexnconancurata (Lat. per- 


their gills throughout life. 
Prumsopactria (Or, periws, ane 
even ; daktules, Singer). Those 
Ungulates with an aneven num- 
Dor of toes, ax tse hones, 
Perrroxeca (Gr. peri, around ; 
feino, L ateetch). The membrane 








Porveme or Pouverre The 
Reger cpe ae 


Pesci! Tn frontiof theron. 
used 


‘The fixed end of a limb, bone or 
appendage ; that nearest the 
body; opposed to distal, the 
farther owt, 
Psxuporopta (Gr, paendes, false ; 


Poncronep, Marked with aa- 
merous «mall impressed dots, 
Powa (Lat, a doll), The thied or 
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(Lat. the boss of a shield). 
beak of a Lameltibranchiate 


Ata (Lat. wngula, a hoof). 

order of boofed mammals, 

LA (Gr.owra, tall ; deloe,wiai- 
The tailed Batrachians. 


te (Lat. eacuwa, empty). 
‘ttle cavities in the bodies 
rotocoa. 

AL. Applied to the under 
of the abdomen, or of the 
of invertebrates, 

acte (Lat. oeutriculua, 
autive of center, belly). One| 
© cavities of the heart. 
conaTe. With thick - set 
of parallel hairs, 

‘cose. Covered with wart- 
prominences, 

BEA (Lat. erty, I turn), 
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One of the bones of the spinal 
column or backbone, 


A little suc, bindder, or cyst, 

‘Viscuma (Lat. ciscus), The inter- 
‘nal organs of the body, 

Viviranovs (Lat, efews, alive ; and 


Zovrp (Gr. con, animal; cides, 
form). The highly specialized 
organs of such animals as the 
Hydroids, and other compound 
forms which bave a marked in- 
dividuality, and which might be 
as for genuine individu- 


Zoornrre (Gr. so3n, animal ; phu- 
fon, plant). Applied to the 
plant-like polyps, sertularians, 
and sponges. 
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ACANTHAnCHDS romoTts, 43 

Acanthoeephali, 165, 175 

Acanthogloseas Braljoll, 073 

Acarina, 350, 386 

Achorutes nivicola, 364 

Acineta, 34 

Acipenser aturio, 497 
development of, 427 

Acrania, 401, 405 

Actheres Carpenteri, 208 

Actinia, 74, 75 

Actinophrys sol, 27 

Actinosphierium, 26 

Actinozos, 74, 1 


Adaptation of animals to thelr #ur- 


roandings, 10 
Adder, paif, 499 
Hgineta, 02 
Folis pilata, 265 
¥pyornia, 533 
Agaliaopsis, 70 
Agamogenesis, 64 
Agolacrinus, 103 
Ai, 579 
Aix sponaa, 43 
Albatross, 542 
Albertia, 170 
Alea impennis, 541 
Alcyonaris, 85, 91 
Alectorides, 544 
Alotia, 879 
Alewlfo, 450, 451 
Alligator Minslesipplonsts, 514 
Alopecius vulpes, 420 
Alosa mpidisalma, 450 
Alpheus, 315 


Alyton obstetricans, 434 

Amaronciam, 200 

Ambergris, 593 

Arablyopals spelaus, 453 

Amblyrhynchus, 504 

Arnblystoma mavortium, 479 

Aria calva, 433 

Amiuras lynx, 443 

Ammocertes, 410 

Atnimonites, 230 

Amenba, 3, 17, 22 

Ampolis cedroram, 555 

Amphibia, 404 

Amphioxus, structure of, 406 
development of, 407 

Araphipeds, 206. 

Amphiabena, 502, 908 

Anuphitrite cirrata, 236 
ornate, 239) 

Ampulle of Eebinederms, 97 


Anguilla acutirostris, 446 
Anguillals woetl, 170 
tritici, 170 








INDEX, 699 
rium, 108 Bear, 615 
k, great, 341 Boaver, 584 
relin surita, 68 Boo, 379, 885 
flavidala, 65 Beotlos, 872 
rleularia, 132 oll, 872 
meh, 612 Belone longircatrus, 454 


techinida, 123, 196 

tolycus, 235 

tomate, animals ns, 682 

¢8, anatomy of, 618, 525 
characters of, 518, 557 
development of, 582 
feathers of, 528 
moulting of, 534 
nesting habits of, 696 
sexual colors of, 535 
skeleton of, 518, 519, 631 
songs of, 585 
topography of, 520 

inolla polypoldes, 48 

clot), 470 

eaye, 619 


Boor, 620 

(mmm rysticotas, O92 
lwniceps rox, 545 

lmooptera boops, 502 
Inmoglossus aurantiacas, 219 
Innus balanoides, 203 


thycrinas, 101 

ta, 588. 

trachin, brooding habits of, 494 
charactors of, 464, 487 
development of, 4706 
gille of, 408 
poison of, 475 
reproduction of lost partsof, 


81 
skeleton of, 465 
teeth of, 467 
viviparoan, 479 





Brachiolaria, 118 
Brachionun, development of, 178 





Ceekdomyin, 977 

Colla, 5 

Centipede, 358 

Cephnlaspis Lyelili, 497 

Cephalization, 289, 814, 405 

Cophalophorn, characters of, 257 
classification of, 272 

Cephalopoda, characters of, 272 
classification of, 283 
development of, 278 

Cepbalopterus dinbolus, 424 

Cephaluls, 177 
of worms, 283, S34 

Corstodus Fosterl, 429 

Cercaria cystophora, 150 
echinata, 150 

Cerearia, history of, 147 

Cerooloptes, 615 

Corcopitheciden, 620 

Corlanthus borealis, 70 

Cormatin forenps, 358 

Cervus Canadensis, 609 

Costodes, structure of, 158, 163 

Costracion, 416 

Cetacen, 501, 620 

Cote, 501, G29 

Cotlosaurun, 515 

Cheetoderma nitida)um, 224 

Chetognath!, 174, 175 

Chietopoda, 236 

‘Chuetovoma, 170 

Chalinula ceulsta, 48 

Chameleon, 108 

Charybdia, 62 

Cheiromys, 619 

Chelifer, 962 

Cheloaia, anatomy of, 505 
characters of, 504, 517 

‘Chelydre serpentina, 610 

Chick, development of, 646 

Chilichthys targidas, 402 


Chordelles Virginianas, 651 


Clrysemys picta, anatomy of, 506 


Chrysothrix, 620 
Chab, 453 

Chab sucker, 443 
Chyle of polypa, 77 
Chyme of polyps, 75 
Cicada, seventoen-year, 871 
Cidaris nutrix, 129 
Ciliary motion, 143 
Ciliata, 35, 40 
Cinelides, 75, 

Cinura, 965 
Cirratalas grandis, 208 
Cirripodin, 202, 326 
Cistonldes Goaldil, 236 


Clymenella torqaata, 236 
Clypenster, 123 

Coatl, 615 

Cochineal insect, 871 
Cod, 458, 

Codosign puleherrimus, 89 
Conctlin, 482 


Conlonternta, 51 
Ceenosare of coral polyps, 85 
Coleoptera, 872, 386 











INDEX. 103 
poda, 312, 325 Dodo, S47 
Cephalopoda, 280 Dog-fists, 420 
608 bark, 420 
feyathus Agassizit, 60 Dog, varieties of, O17 
pocunla, 145 
focwiarn ectoum, 141, 144 
peroream, 142 
tenes virens, 555 
(am, 257 
onticha, 126 
fish, 424 
yma, 540 
pehiate, 230, 284 
ima, 139 
imelia, 140 
vexton, S12 
tigriceps, 512 
phin, 571, 623 Fant, bald-honded, 548 
phys Virginiana, 675 Ens, 641 ; of clam, 265 
(| Ineptas, 47 of crustacea, 201 
Yotylus viridesoona, 481 Ears of snamuals, 563 
entiation, 6 Earwig, 863 
Hon, organs of, O31 Earthworm, anatomy of, 229 
tive canal, 9 embryology of, 280 
tphiam, 654 Ecardines, 196 
O17 Echeneis remora, 454 
hthys Torrelfi, 431 Echidna hystrix, 573 
als gigastous, 533 Echinarichnius parma, 123 
works, 515, G17 Echinococcus, 
heriam, 509 Echinoderes, 1 
doa oxalans, 542 Echinodermata, blood system of, 
foliginoss, 542 100, 
tha cerebriformis, 80 characters of, 06 
toon parnJoxum, 103 direct development of, 11, 
fi, 425, 426, 428 121, 138 
fa, 370, 386 “heart” of, 100, 104 
to, 108 metamorphoses of, 106, 112, 
phora, 62, 72 120 


real of animals, 600 


nervous system of, 97, 14 
akeleton of, 97, 118 
viviparous, 110, 121, 129 
water-vasoular system of OQ 


190 
Echinoldon, 117, 126 
Echinorbynchus angustatus, 166 
claviceps, 166 





Fortilization of egg, O44 

Plerasfor, 450 

Filaria hematica, 170 
lentis, 170 
medinensis, 169 
sangainis-hominis, 170 

Fishos, ae Pisces, 

Fishes, anatomy of, 434 
bony, 434 
characters of, 411 
climbing, 457 
development of, 445 
Elaamobranch, 414 
fins of, 411, 423 
ganold, 425 
Tnteral fine of, 442 
mucous canal of, 442 
respiration of, 443 
sounds produced by, 442 
spiracto of, 417 
teeth of, 416, 442 
viviparous, 418, 444 

Fish-hawk, 548 

Fish-lico, 297 

Fission in Planarians, 144 

Flabellum angulare, 80 


Foraminifers, 24, 27 
Forfieula, 368 
Fossil jelly-fistes, 71 


"anatomy of, 470 
Foligala rallieneria, 543 
Fungis, 82 


Gal)-flies, two-winged, 377 
Gall-fly, hymenopterous, 390 
Gallinago Wilsoall, 545 


Germigene, 141, 147 
Geryonin, 62 

Giant bird, 645 
Gibbon, 621 


Gixenrd-nhad, 443 

Gland, green, of lobster, 291 
Glase-snake, Opheosaarus, 508 
Giron, 582, 629 

Globo-fish, 469 

Globicephalun brachypterua, 505 








s,anatomy of, 52 
dovelopment of, 66 
vulgaris, 52 

vetinin echinata, 08 

sidea, 52, 72 

jaa, 62, 71 
classification of, 73 
porvous system of, 02, 63 
organs of taste In, 63 





jotetra, 410 

vythius ealyeodes, 202 
Jermis, 280 

widea, 90, 620 

a 


3 

amon fly, 381 
fopterygin, 611, 517 
fornis, 639 


fommur, 612 
4, nervous system of, 306, 


ria, 31, 40 
tance, law of, 11 


Lacertitin, 501, 617 
Lachposterna fasca, 372 
Lactophrys trigonus, 462 
Laelaps, 615 

leucurus, 546, 547 


Lamellibranchiata, 242 
classification of 256 





Macropus thetidis, 577 
Mactru lateralis, 249 
ovalls, 251 
Madrepors cervicornis, 82 
Meandrina, 80,81, 4 
Magpie, 554 
Malncopoda, 355, 385 
Malaptoraras electricus, 449 
Male fishes, obstetrical habits of, 
449, 461 
Mallotus villosus, 452 
Maxamalia, anatomy of, 564 
charactors of, 557, 623 
dorelopment of, 508 
ears of, 503 
hair of, 561 
horns of, 561 
limbs of, 560 
music of, 500 
poxaal differences of, 566 
skeleton of, 558 
teeth of, 502 
Mammals, development of, 640 
Mammoth, 598 
Man, embryology of, 650 


Mandrill, 620 

Manls, 580 

Mantis, 960 

Manubriam, 70 

Marino animals, distribution of, 


Mastodon giganteum, 590 
May fly, 267 
Meckelia ingens, 213 
Modusa, 50 
Megalops, 318 
Mogapodins, 546 
Megathertum, 579 
Melanogrammus mglefinus, 458 
Melipona, 383 
Mellita testudinata, 123 
Melos angustioollis, 373 
Melosplzn, 555 
Membranipora piloaa, 186 
solida, 180 
Memory of animals, 631 


Mesentories of polyps, 75 
Mesoderin, 6 


of echinedornan, 405, 110, 113 
Motridiam marginntam, 74 
Miastor, 653 
Microaauria, 452, 483 
Microstomam Hnvare, strobilathon 

fn, 145 
Midas, 620 
Migrations of naliwals, 007 
MUllepedes, 858 
Millepora alcicornis, 57 

nodosa, 57 
Milnesium tardigesdum, 861 
Mimlery, protwetlve, 675 
Mimetos nlger, 623 

pithoous, 63 
Mind, in animals, 682 
Miohippas, 608 
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iwk, O5L Orohippus, 603 
a miliaris, 33 Orthagoriscus oblongus, 463 
iroduced by fishes, 442, 443 Orthoptora, 368, 336 
tus, 446 Oscines, 552, 553 
ind of axcidians, 206 Oscula of sponges, 43 
\ate, 177 Osmerus eperlanar, 452 
ne marsupiotam, 485 mordax, 452 
inch molluscs, 265 Osprey, 548. 
a8 longirostrie, 545 Ostracoda, 
Mtos, 25 Ostrich, 539 
f tromatede worms, 149 | Otocyst, 270, O41 
ives, 540 of clam, 245 
of worms, 143 
4,80 Ova, winter, of planarians, 145 
tne bythe, 202 of polyzoa, 197 
of Rotatoria, 173 
Ovibos moschatus, 610 
priscua, 610 
Ovis arguli, 610 
aries, 610 
montana, 610 
Owl, 548. 
Ox, 612 





Oxyaris vermicalnris, 107 
am of gastropedn, 261 Oyster, pearl, 252 


400, 517 

moa vivipara, 110 Pappu: yistt, 427 

jolie beblis, 110 Palwocnrida, 292, 315, 396 
tea, 108, 116 Palwontology, 16 

telphys ovifera, 485 Palamedea cormute, 646 
ol, 440 Palapteryx, 538 

3, 570 Palechinida, 123, 126 

& Palisado worm, 108 
wdiator, 505 Paludicella, 182 

{ plotum, 546 Pandion Laliadtas, 48 
ne, 6, 23 Pangolin, 580 
somparntive anatomy of681| Pagopea arctica, 250 
‘elreulation, 635 Paragorgia arbors, 86 

[ digestion, 631 Paramecium caudatum, 35 
respiration, 637 Parr, 452 

| wonme, O40 Parroquet, 550 

|‘ mmell, 042 Parrot, 550 

eure of, 4, 68,9 Parthenogeneain, 54, 652 
Yepecies, O71 In nneldinne, 213 

te phia, 571, 625 Partridge, 540 
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rolepis pellucidus, 456 
froma, 298 

rum of lnsects, 320 
Gatells, 182 

tmophora, 134 

ira, 304 

tolns chiromls, 443 


jolly fish, 07 
siphonoplores, 63 
sankes, 407, 400 

colis, 144 

cladus Gayl, 143 

dora, development of, 283 

krikos, 37 

morphism, 654 
in insects, 308 

edon follum, 428 

pedates, 454 

pide, 181 

ps, coral, 74 

pterus biehir, 491 
Sonegalas, 431 

Htomem, 152 


fomum integertimum, 153 

wa, development of, 185 
structure of, 190, 189 

toariom, 181 

Momus saliatriz, 455 

lobus pooudohareagus, 450 

rts, 455 

rio, 906, 310 

upine fish, 403 

‘erm, 42,49 

hyrio correlescens, 45 

shee, 505 

ion Carolina, Side 

nese man-ot-war, 09 





Prorhynchas, 216 
Proscolex of tape worms, 156 
trematede worms, 150 


Protohippus, 002 
Protomonas asnyll, 10 
Protomyxa, 19 
Protomyxa aurantiaca, 19 
Protoplasm, 5 
Protopiasta, 31 


Protopteras 
Protozoa, 17, 41 

contractile vesicles of, 2 
Peoudes paradoxa, 487 
Psoudobranchus striatus, 478 
Preudocrinus, 108 
Peowdofilatia, young of gregarina, 


po) 
Preaderys, 510 
Peeudoplearonectas Americanus, 
40 


Proudopodia, 23 
Peeudopus, 502 
Peolas ephippiter, 133 


Pterotrachea coronats, 271 
Ptyelas tineatas, 371 
Puffer fish, 462 

Pulex frritans, 376 
Pulmonata, 205 


INDEX. 


= Scaphiopus, 484 
Seaphirhynchops platyrhynchus, 
427 


Scaphopoda, 257, 272 
Sceleporus undulatus, anatomy of, 
403, 504 

Schizaster fragilis, 124 

Schizopoda, 314 

Scolex of tape worms, 156 
trematode worm, 150 

Scolopondra gigantea, 358 
heros, 358 

Scolopondrella, 358 

Scomber scombrus, 456 

Sey phophori, 449 

Seal, O14 

Sen. mone, 74 

Sea-cow, 595 

Sea-cucamber, anatomy of, 123 
spodous, 183 
pedate, 138, 135 


Sea-fan corals, 86 


Semotilus rhotheus, 453 
Semnopithocus, O21 


Sexual coloration in fishes, 444 
Shad, 450, 451 
glanrd, 443 
Shagreen, 415 
Shark, basking, 420 
hammor-boaded, 421 
mackerel, 419 
Port Jackson, 416 
Uureabor, 420 
Sharks, 414 
Sheop, varieties of, 600 





Sheep, musk, 610 
Shoop hydatid, 160 
Shells, fossil, 270 
Ship worm, 250, 24 
Bhowt’l, 585 
Shrow, 587 
Shrike, 555 
Shrimp, 312, 314 
Sida, 200 
Simic, 619 
Siphoniata, 266 
Siphonopbor, 08, 72 
Siphonops, 482 
Sipbydora echinoides, 47 
Sipaveulus, 291, 224 
Siredon, 479 
Sirenia, 595, 620 
Siren lacertina, 478 
Sivatheriam, 605 
Skates, 421 
development of, 419 
Bkall, brachycephalic, 027 
dolicocephalic, 627 
Slag, 265 
Smelt, 453. 
Smolt, 453 
Smynthurus, 364 
Snail, 265 
Snake, hooded, 499 
striped, anatomy of, 498 
Snakes, 496 
protective coloration of, 497 
viviparous, 407 
Snipe, 545 
Snow-flea, 364 
Solaster endeca, 116 
Solitaire, 547 
Somnateria mollissima, 543 
Somite, 236 
Sorex platyrhinns, 587 
Soun ts produced by Insects, 300 
Bounds, fishes’, 442 
Spalax, 585 
Sparrow, 5% 
Spatangus, 124 
Specialization, 6 








development of, 192 
Terebrella, 236 


Tergats of insocts, £20 
‘Termes bellicosus, 868 


‘Tetrastemma serpentioum, 219 
‘Totrastoma renale, 152 

‘Tetrodon Levigatus, 462 
‘Thalascaris, 315 

‘Thalaseocbolys caouans, 510 
‘Thaliaces, 206, 215 
‘Tharnocophalas benebyuras, 908 
‘Theca of corals, 79 

‘Thelyphonas giganteus, 362 
‘Theriodoats, 513 

‘Theromorplia, 512, 517 

‘Thresher whale, 506 

‘Thrips, 370 

Thylackous, 575 

‘Thyone briareus, anatomy of, 131 


Tomocorus plumbour, 24 

‘Tooth shell, 267 

‘Torpedo marmoratus, 422 
occidentalsa, 422 

Tortoise, 510 

Touch, organs of, in sears 201 


development of, 147 

pupa of, 149 
Trichinn spiralis, 160 
Trichocopbalus dispar, 169 


‘Trinuclous, young of, 333 
‘Triton, 478 

‘Trivia californien, 259 
‘Trochilas colabris, 551 


of worms, 147 
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orms, nemertean, 216 Wren, 506 
parasitic, 145, 146 
phosphorescent, 237 


XrrHosuRa, 3% 









round, 163 

strobilation in, 144, 145 Zoautharia, 

tape, 1 Zoanthus, 79 

thread, 163 Zoin, BB 

trematode, 146 Zodgeography, 16, 658 


orm, whale’s tongue, 219 Zodida, 202. 210 





OUTLINES OF COMPARATIVE EMBRYOLOGY ; 


on, Lirx Hisroures of AXIMALS, ENcLUDING Max. By A. & Pack 
anp, Jn, Copiously Mlustrated. Svo. $2.50. 

easy toad 2k he branch fi nd hag i tic iene Wastes ic ae 

Retodice inc" Fgune en” Peemenes 


et neal fee ae oe wlene gr ped i, 
forum moet valuable works bo 

at ithout It." 

Hyescaeg worthy an teportant place wbectely uated fo thle te." Chan 


cellor Wiwomms. F F 


GUIDE TO THE STUDY OF INSECTS, 


AND A TREATISE ON THOSE INJoRtOUs AND Bexevrotan TO Crops. 
For the use of Colleges, Farm-Schools, and Agricultwrisde, By 
A.S, Packann, Jn, M.D, With 11 Plates and 650 Woodeuts, 
Sixth edition. $5. 

tnyert told that yoar work ough: tn connection with Harris's “Treatire 2m, Insects 
pepe tro bah 1 
a da bo the Stay ot Insecta as, boson — 
‘Your * Gul = idly - tho text-book up here, 
is of, pi tt {o speak, wad of which we cam 


Prefer tolt as book for the student." Sctenthe 
\ int 
asc ie ape AE St in cre Biter. 
The study of Ratomology is ove that ean, be aliest as easily ta the 
Wwe shoukt be tho expertinent P 
ox Boavida ya ae an "a ae text book The 


ae a ne eg a ta 


carga mo nd mans 


‘anid 


mune = Ti ts sserediy, al in al, 
Se craraaee ‘nk weorr nee 


have Beg nate wn of 


Se 


pe Fo LD 


HENRY HOLT & CO., Pontus, NEW YORK, 











